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Work  Unit  001  Epidemiologic  Studies  of  military 
diseases 


Investigators . 

Principal:  COL  Richard  N.  Miller,  MC 

Associate:  LTC  Joel  C.  Gaydos,  MC;  LTC  Richard  A. 

Hodder,  MC;  LTC  Michael  W.  Benenson, 
MC;  LTC  Kenneth  E.  Dixon,  MC;  MAJ 
Caroline  G.  Brodkey,  ANC;  MAJ  Jung- 
Han  Park,  MC;  CPT  Ronald  E.  Prier,  MC; 
SFC  Peter  W.  Smyth;  SFC  George  L. 
Rockenbaugh,  Jr.;  L.  Charlene  Evans 


1.  Febrile  Illness  at  Fort  Campbell,  KY 

Following  jungle  training  at  Fort  Sherman,  Canal 
Zone,  in  October  1977,  12  members  of  a  35-man  engineer 
platoon  were  hospitalized  with  a  febrile  illness  {see 
Walter  Reed  Army  Institute  of  Research  FY  78  Annual 
Progress  Report  work  unit  001  "Epidemiologic  Studies  of 
Military  Diseases") ,  The  illness  was  characterized  by 
headache  (100%),  malaise  (100%),  myalgia  (92%),  chills 
(84%)  ,  arthralgia  (84%)  ,  and  nausea  (67%)  . 

Serological  results  done  at  the  Center  for  Disease 
Control  on  sera  collected  in  December  indicated  that 
eight  of  the  twelve  hospitalized  patients  gave  a  posi¬ 
tive  "M  precipitin"  reaction  and  also  had  CF  antibodies 
for  histoplasmosis.  The  results  confirmed  that  the 
hospitalized  patients  had  recent  infection  with  histo¬ 
plasmosis. 

Epidemiologic  investigation  suggested  that  the 
engineers  were  probably  exposed  during  a  civic  action 
project  when  they  cleared  vines  and  caves  at  Fort  San 
Lorenzo. 
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A  survey  of  those  persons  who  were  involved  with 
the  jungle  training  and  who  were  still  available  was 
done  in  December  in  an  attempt  to  determine  if  the 
engineer  platoon  was  uniquely  involved.  A  sample  of 
those  surveyed  was  tested  for  histoplasmosis  antibodies 
and  the  results  are  presented  in  the  table  below. 

ANTIBODY  PREVALENCE  TO  HISTOPLASMOSIS  IN  SAMPLES  FROM 
VARIOUS  GROUPS  WHO  UNDERWENT  JUNGLE  TRAINING  IN  PANAMA 


Group 

Ft.  Campbell  sick 
engineers 

Ft.  Campbell  not  sick 
engineers 

Ft.  Campbell  not 

engineers,  not  sick, 

Co.  C. 

Ft.  Campbell  not  engineers 
not  sick,  not  Co.  C 

Ft.  Bragg  sick 

Ft.  Lewis  sick 


#  Studied  #  Positive 


12  8  67 

18  3  17 

20  1  5 

13  0  0 

5  0  0 

13  0  0 


In  summary,  an  outbreak  of  histoplasmosis  resulted  in 
the  hospitalization  of  12  men  with  a  non-specific 
febrile  illness.  Although  the  paucity  of  pulmonary 
signs  and  symptoms  in  the  group  suggested  that  histo¬ 
plasmosis  was  an  unlikely  diagnosis,  subsequent  sero¬ 
logic  testing  confirmed  the  diagnosis. 

This  study  is  now  complete  and  a  manuscript  is  in 
preparation. 

2 .  Hepatitis  in  the  25th  Infantry  Division,  Schofield 

Barracks,  HawaTT 


A  thorough  discussion  of  the  background  and  initial 
findings  in  this  study  is  contained  in  the  WRAIR  annual 
report  of  1977-78  Work  Unit  001.  Work  since  this  ini¬ 
tial  report  has  involved  refinement  of  the  confirmed 
case  group. 
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CASE  DEFINITION 


A  presumptive  case  was  defined  as  an  individual 
associated  with  Quad  D  showing  an  SGOT  valued  80  units 
(normali.40)  on  the  SMA-12/60  autoanalyzer  and  no  other 
non-viral  or  extrahepatic  reason  for  the  elevation. 

Of  the  original  twenty-five  cases  described  in  last 
year's  report,  19  presumptive  acute  hepatitis  cases 
were  defined  in  Quad  D.  Sera  from  all  presumptive 
cases  were  checked  for  IgM  antibody  to  hepatitis  A 
virus  at  the  WRAIR  Department  of  Virus  Diseases  using 
a  solid-phase  radioimmunoassay  of  polyvinyl  microliter 
plates  coated  with  goat  anti-human  IgM  antisera.  The 
confirmed  case  group  was  defined  to  include  only  those 
presumptive  cases  with  IgM  antibody.  Using  this  defi¬ 
nition,  16  of  19  presumptive  cases  were  confirmed.  The 
number  of  confirmed  cases  became  17  aftt-r  a  control  was 
found  to  have  IgM  antibody  to  HAV  when  studies  were 
performed  at  WRAIR  following  the  on-site  investigation. 
Although  no  clinical  data  is  available  on  this  latter 
individual,  the  remaining  16  confirmed  cases  were  inter¬ 
viewed  and  questionnaires  dealing  with  clinical  and 
epidemiologic  factors  related  to  hepatitis  were  adminis¬ 
tered. 

SUSPECT  SOURCE  IDENTIFICATION  AND  EVALUATION 

The  epidemic  curve  was  consistent  with  a  point  source 
epidemic.  Although  questionnaires  failed  to  yield 
suspect  common  activities,  habits,  or  contacts  to  explain 
the  outbreak,  multiple  subjective  complaints  concerning 
Quad  D  mess  hall  sanitation  and  the  Kahuku  training 
area  water  supply,  made  these  the  two  primary  areas  of 
investigation.  Thorough  examination  of  the  mess  hall 
personnel,  facilities,  and  practices  produced  only  one 
deficiency:  the  kitchen  ice  server  was  found  to  con¬ 
tain  ice  positive  for  fecal  coliforms. 

The  Kahuku  training  area  investigation  produced 
evidence  of  several  deficiencies.  The  hypochlorite 
injector  which  treated  the  field  water  point  worked 
sporadically  and  the  water  had  been  declared  unpotable 
in  August  of  1977.  Questioning  of  the  Quad  D  mess 
sergeant  disclosed  that  he  had  utilized  this  water  with¬ 
out  supplemental  chlorination  during  field  exercises 
immediately  prior  to  the  outbreak.  Investigation  of  the 
water  holding  tank  for  this  training  area  revealed 
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the  inspection  hatch  had  been  broken,  and  culture  of 
the  water  grew  mammalian  coliforms.  A  record  review 
revealed  that  the  latest  chlorine  residual,  measured 
on  11  April,  was  zero. 

HYPOTHESIS  TESTING 

The  two  hypotheses  tested  were  that  either  the  D 
Quad  mess  hall  or  the  Kahuku  field  water  point  was  the 
source  of  this  hepatitis  outbreak.  To  test  these  hypo¬ 
theses,  two  controls  were  chosen  for  each  confirmed 
case  and  matched  for  age,  sex,  rank,  and  unit.  Ques¬ 
tionnaires  dealing  with  exposure  to  the  D  Quad  mess 
hall  and  the  Kahuku  training  area  were  administered  to 
both  cases  and  controls.  Controls  were  excluded  from 
the  analysis  if  they  failed  to  appear  for  interview  or 
their  sera  contained  IgG  antibody  (thus  denoting  lack 
of  susceptibility) .  This  exclusion  process  left  20  of 
the  original  32  matched  controls.  Fourteen  of  these 
could  be  matched  with  cases  and  utilized  in  the  matched 
pair  analysis  shown  below: 

MESS  HALL 


Cases  (N=17)  Controls  (N-20) 


Usually  Eat 

+ 

- 

%  + 

+ 

- 

%  + 

%Dif ference 

Brkf st 

9 

8 

53 

7 

13 

35 

18 

Lnch 

14 

3 

82 

7 

13 

35 

a 

Dnnr 

11 

6 

65 

7 

13 

35 

30 

Brkfst+Lch 

9 

8 

53 

6 

14 

30 

23 

Lnch+Dnnr 

11 

6 

65 

7 

13 

35 

30 

Brkfst+Dnner 

8 

9 

47 

6 

14 

30 

17 

B+L+D 

8 

9 

47 

6 

14 

30 

17 

< 
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KAHUKUS 


Cases 

\ 

+ 

— 

%*- 

+ 

— 

Controls 

% 

%+  Difference 

Any  time 

15 

2 

88 

19 

1 

95 

-7 

April 

12 

5 

71 

15 

5 

75 

-4 

May 

8 

9 

47 

12 

8 

60 

-13 

June 

12 

5 

71 

15 

5 

75 

-4 

Apr+May 

6 

11 

35 

10 

10 

50 

-15 

May+Jun 

8 

9 

47 

10 

10 

50 

-3 

Apr+Jun 

9 

8 

53 

11 

9 

55 

-2 

A+M+J 

6 

11 

35 

9 

12 

40 

-5 

MESS  HALL  EXPOSURE 


1 

Meal 

Control 

Control 

+ 

7  4 

Breakfast 

+ 

4  3 

Case 

Case 

— 

3 

- 

2  5 

Control 

2 

Meals 

Control 

Lunch 

+ 

6  5 

6  4 

Case 

Case 

- 

3 

- 

4 

Control 

3 

Meals 

Control 

Dinner 

+ 

6  3 

+ 

3  3 

Case 

Case 

- 

5 

- 

2  6 

The  importance  or  risk  of  the  exposure  is  determined 
by  dividing  the  upper-right  hand  corner  of  each  2x2 
table  by  the  lower-left-hand  corner.  A  quotient  of 
>1  indicates  the  exposure  increased  the  risk  of 
disease.  An  identical  analysis  was  done  for  exposure 
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to  the  Kahuku  training  area  and,  unlike  the  mess  hall 
data  above,  this  yielded  no  quotients  >1.  To  use  all 
valid  case-control  data,  an  unmatched,  pooled  analysis 
was  done. 


POOLED  ANALYSIS  -  UNMATCHED  DATA 
MESS  HALL 


Cases  (N=17)  Controls  (N=20) 


Ever  Eat 

+ 

- 

%+ 

+ 

- 

%+ 

%Dif ference 

Any  Meal 

16 

1 

94 

17 

3 

85 

9 

Breakfast 

15 

2 

88 

17 

3 

85 

3 

Lunch 

15 

2 

88 

11 

9 

55 

33 

Dinner 

13 

4 

76 

11 

9 

55 

21 

Brkfstt 

Lnch 

14 

3 

82 

11 

9 

55 

27 

Lnch+Dnnr 

12 

5 

71 

10 

10 

50 

21 

Bkf st+ 
Dnnr 

13 

4 

76 

11 

9 

55 

21 

Bkfst+Lch 

+Dnnr 

12 

5 

71 

10 

10 

50 

21 

The  cases  demonstrate,  by  their  percent  positive  res¬ 
ponses,  a  greater  exposure  to  the  Quad  D  mess  in  both 
the  "ever  eat"  and  "usually  eat"  categories.  Here, 
comparing  the  differences  in  "%  positive"  responses 
between  cases  and  controls,  the  %  differences  are 
greater  in  the  "usually  eat"  group  than  in  the  "ever 
eat"  group,  consistent  with  an  increased  risk  with  in¬ 
creased  exposure  (dose-response) .  Data  in  this  pooled 
analysis  agrees  with  the  matched  pair  results  above  by 
showing  exposure  to  the  mess  hall  increased  the  risk 
of  hepatitis. 

Data  on  exposure  to  the  Kahuku  training  area  in  the 
pooled  analysis  agiee  with  matched  pair  results,  mini¬ 
mizing  this  as  a  risk  factor.  The  exposure  again  seems 
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to  be  greater  for  controls  than  for  cases.  If  expo¬ 
sure  was  related  to  the  Quad  D  dining  facility,  the 
training  (and  eating)  in  the  field  may  have,  indeed, 
been  protective.  The  large  negative  "%dif ference" 
value  for  the  May  exercise  (which  was  closest  to  the 
appropriate  exposure  time,  given  that  the  median  case 
had  onset  of  symptoms  on  16  June)  suggests  this 
possibility. 

DISCUSSION 

Despite  considerable  evidence  incriminating  the 
Kahuku  field  water  point,  hypothesis  testing  points  to 
the  mess  hall  as  a  more  likely  source.  Certainly,  the 
presence  of  coliforms  make  the  ice  dispenser  suspect. 

With  this  as  an  indicator  of  poor  mess  hall  technique, 
an  ill  foodhandler  could  have  unknowingly  contaminated 
the  eating  area  and  recuperated  by  the  time  of  the 
EPICON  Team's  investigation.  Clearly,  both  the  dining 
and  training  facility  were  in  need  of  improvements,  and 
the  investigation  served  to  highlight  these  areas. 

An  extensive  urine  screening  of  units  residing  in 
Quad  D  was  conducted  to  detect  subclinical  or  incubating 
cases  of  Hepatitis  A.  This  screening,  which  employed 
the  Multistix  and  Chemstrip  8  dipstick  techniques,  was 
performed  on  1835  troops  and  yielded  only  one  subsequent¬ 
ly  confirmed  case.  This  individual  was  already  sympto¬ 
matic  and  planning  to  seek  medical  attention  at  the 
time  he  was  screened .  Because  this  screening  was  planned 
and  executed  hurriedly  to  meet  operational  requirements, 
there  were  many  errors  in  technique  and  execution.  To 
definitely  establish  whether  testing  for  urine  bilirubin 
has  any  role  as  a  screening  tool  for  hepatitis  A  would 
require  carefully  controlled  and  standardized  future 
studies. , 

The  use  of  new  techniques  to  determine  the  presence 
of  IgM  antibody  to  Hepatitis  A  virus  in  order  to  refine 
both  the  case  and  control  grouping  was  of  great  impor¬ 
tance  in  this  investigation.  A  more  thorough  discus¬ 
sion  of  the  technique  can  be  found  in  the  section  of 
this  report  contributed  by  the  Department  of  Virus 
Diseases,  Work  Unit  135,  "Mechanism  of  Transmission  of 
Hepatitis  Viruses."  Adaptation  of  this  technique  for 
on-site  field  use  will  greatly  enhance  future  EPICON 
hepatitis  A  outbreak  investigations. 
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3.  Tuberculin  Skin  Test  Reactors  Fort  Knox,  KY 


In  the  Spring  of  1978,  2939  school  age  children 
were  tuberculin  skin  tested  at  Fort  Knox,  KY.  This 
represented  three-fourths  of  the  school  population  on 
post.  The  positivity  rate  in  the  Spring  of  1978  was 
1.63%  as  compared  to  previous  rates  of  0.14%  in  1976 
when  1st,  5th,  and  ninth  graders  were  skin  tested, 
and  0.46%  for  1977  when  the  entire  school  population 
of  about  4000  tyas  tested.  EPICON  assistance  was  re¬ 
quested  to  uncover  the  reason  for  the  apparent  increase 
in  positive  tuberculin  skin  test  reactors  (,1978  WRAIR 
Annual  Progress  Report,  Work  Unit  001)  .  An  extensive 
investigation  was  conducted  but  no  source  of  infection 
could  be  found.  Retesting  of  the  entire  school  age 
population  was  recommended  to  provide  a  better  estima¬ 
tion  of  the  amount  of  exposure  and  conversion  occurring. 

Retesting  of  this  population  was  done  in  the  Fall 
of  1978.  4087  school  age  children  were  tuberculin 

skin  tested.  Thirty-six  (36)  reactors  were  discovered 
giving  a  positivity  rate  of  0.88%.  In  the  Spring  of 
1979,  1340  children  in  this  population  were  again  tested, 
identifying  five  (5)  positive  reactors.  The  positivity 
rate  was  0.37%  for  this  testing. 

TST  -  School  Population  -  Ft.  Knox  -  1978/1979 
Time  #  of  Students  Tested  #  of  Students  Pos.  %  Pos. 


Spring  1978 

2938 

48 

1.63 

Fall  1978 

4087 

36 

0.88 

Spring  1979 

1340 

5 

0.37 

In  addition  to  students,  testing  was  performed  on  all 
persons  involved  with  the  schools.  No  active  disease 
was  found.  An  increased  awareness  of  tuberculin  skin 
test  reactors  throughout  the  health  system  at  Fort 
Knox  is  one  outcome  of  this  investigation.  Data  on 
results  of  TST  given  by  other  clinics  is  being  closely 
monitored. 

Consequently,  there  has  been  an  increase  in  the 
number  of  adults  (excluding  basic  trainees)  being 
placed  on  prophylactic  treatment.  Exposure  is  probably 
due  to  various  sources  and  occurs  in  several  different 


893 


places.  The  Fort  Knox  population  is  a  transient  one 
as  are  most  military  populations.  Several  TST  reactors 
had  recently  arrived  at  Fort  Knox  from  other  areas. 

Those  that  had  definitely  converted  while  at  Fort  Knox 
could  have  been  exposed  in  other  areas  such  as  summer 
vacation  trips,  and  off  post  activities.  In  the  sub¬ 
sequent  testing  in  the  fall  of  1978  and  the  spring  of 
1979  consistent  high  rates  of  positivity  for  schools 
were  not  seen.  Mudge  and  Stevens  schools  had  lower 
rates,  while  some  of  the'' other  schools  which  had  low 
rates  in  spring  1978,  had  high  rates  fall  1978  and  low 
rates  spring  1979.  This  suggests  that  the, screening 
programs  were  culling  out  positive  reactors  and  that 
the  conversion  rate  was  reasonably  low. 

4 .  Leishmaniasis  Among  Troops  Undergoing  Jungle  Train¬ 
ing  in  Panama 

This  study  was  initially  described  in  the  FY  77 
Walter  Reed  Army  Institute  of  Research  Annual  Progress 
Report  Work  Unit  001  "Epidemiologic  Studies  of  Military 
Diseases. " 

Briefly,  a  battalion  of  the  82nd  Airborne  Division 
from  Fort  Bragg,  North  Carolina  was  studied  pre-  and 
post-deployment  to  the  Jungle  Operations  Training  Course 
at  Fort  Sherman,  Canal  Zone.  They  were  examined  for 
clinical  as  well  as  serological  evidence  of  leishmanial 
infection. 

Aspirates  of  suspect  lesions  were  collected  from 
30  individuals.  They  were  cultured  and  ten  were  posi¬ 
tive  for  leishmanial  organisms.  The  overall  attack 
rate  was  1.6/100  men  deployed.  By  unit  the  highest 
rate  was  in  B  company  (4.1/100  men). 

Using  a  modified  indirect  fluorescent  antibody  test 
only  1  of  the  10  culture  positive  cases  showed  sero¬ 
conversion.  Twenty-two  percent  of  610  paired  sera  were 
positive,  but  loss  of  positivity  in  70  pairs  pre-  to 
post-deployment  suggested  that  the  test  was  not  specific 
for  leishmanial  antibody. 

A  manuscript  is  in  preparation. 

5.  Determination  of  Congenital  Malformation  Rates  for 

Seven  U.S.  Army  Posts 
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This  study  was  previously  described  in  the  FY  77 
and  FY  79  Walter  Reed  Army  Institute  of  Research  Annual 
Progress  Report  Work  Unit  001  "Epidemiologic  Studies  of 
Military  Diseases."  The  study  is  now  complete  and  a 
final  report  has  been  written. 

Two  conclusions  could  be  drawn  from  the  data: 

1)  the  rates  for  infants  born  at  the  Fort  Hood  hos¬ 
pital  with  Category  III  congenital  malformations,  when 
compared  to  the  other  post  hospitals  studied,  did  not 
appear  to  have  been  excessive  or  subject  to  wide 
variation. 

2)  the  rates  for  Fort  Campbell  hospital  may  require 
further  investigation  since  there  is  a  consistent  up¬ 
ward  trend  in  all  three  classes  of  malformations. 

No  comparisons  between  Army  dependent  populations 
and  civilian  populations  can  be  made  since  civilian 
populations  were  not  studied.  CHAMFUS  records  were  not 
examined,  therefore,  data  were  incomplete.  For  example, 
at  Darnell  Army  Hospital  (DAH) ,  Fort  Hood,  in  1974  1.2 
CHAMPUS  nonavailability  certificates  were  issued  for 
each  live  birth  at  DAH.  Additionally  it  is  not  known 
what  variables  differentiate  the  CHAMPUS  population 
from  the  post  hospital  population;  therefore,  direct 
comparisons  between  rates  of  congenital  malformations 
at  different  Army  hospitals  may  result  in  invalid  con¬ 
clusions  . 

6 .  Description  of  Renal  Disease  for  Active  Duty 

Personnel 


This  study  originally  described  in  the  FY  77  Walter 
Reed  Army  Institute  of  Research  Annual  Progress  Report 
Work  Unit  001  "Epidemiologic  Studies  of  Military 
Diseases"  has  been  transferred  to  the  Uniformed  Ser¬ 
vices  University  of  the  Health  Sciences  School  of 
Medicine . 

7 .  Description  of  the  Army's  Experience  with  Guillian- 
Barre  Syndrome 

This  study  was  reported  in  the  FY  77  and  FY  78 
Walter  Reed  Army  Institute  of  Research  Annual  Progress 
Report  Work  Unit  001  "Epidemiologic  Studies  of  Military 
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Diseases."  The  study  has  been  completed  and  the  manus¬ 
cript  is  in  final  draft. 

8.  System  Analysis  of  a  Fort  Dix  General  Practice 
Clinic 


Analysis  of  data  from  a  test  morbidity  surveillance 
system  implemented  by  Preventive  Medicine  residents 
Major  H.  M.  Scagliola  previously  reported  in  FY  78 
WRAIR  Annual  Progress  Report  Work  Unit  001  was  conclu¬ 
ded  with  the  following  findings  and  recommendations: 

The  questionnaire  used  to  collect  data  was  effec¬ 
tive  and  well  accepted  by  patients  and  physicians. 
Implementation  of  a  similar  system  elsewhere  will  be 
facilitated  if  principles  of  communication  and  human 
behavior  are  used  when  introducing  change  into  the 
existing  situation,  and  if  computerized  data  processing 
is  available.  The  information  gained  through  such  a 
surveillance  system  should  aid  in  obtaining  demographic 
information  on  patients,  and  in  maintaining  epidemiolo¬ 
gical  surveillance  of  disease. 

9.  Investigation  of  an  Outbreak  of  Hepatitis  A  at 

SHAPE,  Belgium 

On  14  Feb  79  an  EPICON  team  traveled  to  SHAPE, 

Belgium  to  investigate  an  ongoing  hepatitis  outbreak. 
Twenty-two  cases  had  occurred  prior  to  the  team's  arri¬ 
val  and  the  total  rose  to  45  by  the  end  of  March.  The 
diagnosis  was  confirmed  in  the  WRAIR  Laboratories  as 
hepatitis  A.  An  active  search  was  made  for  old  and 
new  cases,  and  a  central  registry  and  information  center 
was  established.  All  cases  and  family  contacts  were 
bled  and  interviewed.  Every  case  who  did  not  have 
close  prior  contact  with  another  case  was  found  to  be 
closely  associated  with  either  the  nursery  or  the  pre¬ 
school.  Some  were  students,  some  were  parents  of 
students  and  one  was  a  member  of  the  nursery  school 
staff.  Examination  of  school  records  revealed  an  in¬ 
creased  absentee  rate  in  the  preschool  since  the  Christ¬ 
mas  vacation.  The  preschool  itself  was  understaffed 
(30:1  student/teacher  ratio)  and  there  were  major  sani¬ 
tation  deficiencies  in  the  bathrooms.  The  nursery  was 
adequately  staffed  but  had  only  2  toilets  for  up  to  60 
children  and  6-10  staff  members.  Aside  from  the  schools, 
there  were  no  other  common  factors  identified:  water 
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purity  was  satisfactory  on  numerous  tests;  there  were 
no  large  gatherings  or  parties  attended  by  most  cases; 
places  of  residence  were  scattered  throughout  the  Mons  - 
SHAPE  area;  and  no  common  food  vehicle,  such  as  shell¬ 
fish,  was  identified.  Recommendations  included  ISG 
administration  to  case  contacts,  students,  staff  and 
family  members  of  students  attending  the  nursery  and 
pre-school;  and  increasing  the  staff  size  of  the  pre¬ 
school  and  the  Preventive  Medicine  activity. 

10.  Outbreak  of  Tuberculosis  in  the  Monkey  Colony  at 

the  Division  of  Neuropsychiatry,  WRAIR 

On  13  June  1979,  a  monkey  being  used  by  the  Divi¬ 
sion  of  Neuropsychiatry,  WRAIR,  was  found  dead  in  its 
cage.  An  autopsy  revealed  gross  and  microscopic  evi¬ 
dence  of  miliary  TB,  evidence  which  was  later  confirmed 
by  culturing  the  organism  from  the  lesions.  Skin  testing 
of  the  colony  revealed  two  additional  infections.  Both 
animals  were  sacrificed.  The  Division  of  Preventive 
Medicine  was  asked  to  assist  in  the  control  and  inves¬ 
tigation  of  this  epidemic. 

Since  TB  in  monkeys  is  a  rapidly  fatal  disease 
and  these  monkeys  had  not  been  exposed  to  new  monkeys 
for  over  a  year,  the  source  of  infection  was  probably 
a  human.  Control  measures  were  designed  to  minimize 
man-monkey  contact  and  reduce  the  possibility  of  disease 
spread  by  fomites.  Potentially  contaminated  areas 
were  cleaned  and  decontaminated.  Monkeys  were  confined 
to  their  rooms  and  access  to  these  rooms  was  limited 
to  essential  personnel.  All  personnel  handling  monkeys 
wore  masks,  caps,  and  gowns. 

The  three  affected  monkeys  came  from  three  diffe¬ 
rent  rooms.  These  rooms  were  inspected  and  the  details 
of  daily  routines  were  noted.  All  monkeys  were  skin- 
tested  every  two  weeks  until  all  were  negative  on  three 
consecutive  tests.  All  identifiable  human  contacts 
including  casual  contacts,  were  screened  using  intra- 
dermal  PPD,  chest  X-ray,  or  both.  No  further  cases 
occurred  in  the  monkey  population.  All  were  skin  test 
negative  on  July  2,  16,  and  30.  Culture  results  from 
autopsy  material  taken  from  the  two  skin  test  positive 
monkeys  were  negative.  The  inspection  of  the  facili¬ 
ties  revealed  abundant  opportunities  for  man-monkey 
contact.  Office  and  computer  areas  were  immediately 
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adjacent  to  monkey  cages  and  were  served  by  ventilation 
systems  whose  main  purpose  appeared  to  be  rapid  trans¬ 
port  of  microorganisms  from  monkey  to  man.  Sixty-four 
persons,  including  all  those  with  significant  monkey 
contact,  were  screened  for  tuberculosis.  Forty-seven 
(73%)  of  these  had  a  negative  PPD.  Fourteen  (22%)  had 
had  a  positive  PPD  in  the'  past  and  had  a  normal  X-ray 
at  the  time  of  the  investigation.  Two  persons  converted 
from  a  negative  to  a  positive  PPD,  but  both  had  normal 
chest  X-rays  and  were  considered  unlikely  to  have  in¬ 
fected  the  monkeys.  They  were  referred  for  further 
workup  and  treatment.  One  person  had  been  treated  for 
TB  in  the  past,  had  questionable  X-ray  findings, 
reported  symptoms  consistent  with  TB  lasting  a  month 
and  had  at  least  some  contact  with  all  three  simian 
cases.  However,  three  sputum  specimens  produced  in  the 
normal  manner  and  one  after  20  minutes  on  the  IPPB 
machine  were  negative  on  both  acid-fast  stain  and 
culture.  His  symptoms  have  since  disappeared  in  the 
absence  of  any  specific  therapy.  Thus  the  outbreak 
ended  and  no  index  case  was  identified.  Recommendations 
were  made  to  reduce  the  chance  of  further  outbreaks. 

11 .  Epidemiology  of  Arboviral  Infections  Along  the 

Transamazon  Highway  in  Brazil 

As  reported  in  WRAIR  Annual  reports  1974-1976  Work 
Unit  001,  an  epidemiology  surveillance  program  was 
initiated  along  the  Transamazon  Highway  in  January  1974, 
in  the  state  of  Para  to  study  disease  incidence  in  the 
newly  arrived  colonists.  Locally  trained  interviewers 
visited  a  stratified  random  sample  comprised  of  20%  of 
the  roadside  colonists  outside  the  towns  of  Maraba  and 
Altamira.  The  distribution  of  the  population  by  age, 
sex  and  state  of  origin  was  similar  to  that  of  the 
entire  population  as  reported  by  INCRA  (Instituto 
Nacional  de  Colonizacao  e  Reforma  Agraria) .  Blood  was 
drawn  every  six  months  and  whenever  a  colonist  reported 
a  febrile  illness  on  one  of  the  routine  2  week  visits. 
Examinations  performed  on  the  samples  included  thick 
and  thin  smear  for  malaria,  FA  and  CF  tests  for  selected 
bacteria  and  parasites  and  HI  tests  for  arboviruses 
using  19  viral  antigens  known  to  exist  in  the  area. 

The  results  from  these  tests  have  been  coded  for  compu¬ 
ter  analysis  and  will  be  included  in  a  manuscript  which 
is  being  prepared  for  publication. 
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12.  African  Trypanosomiasis  and  Leishmaniasis  in  Kenya 


A  site  visit  was  made  to  the  WRAIR  SFA  in  Kenya  to 
determine  the  potential  for  expanding  the  laboratory's 
current  work  on  African  Trypanosomiasis. 

Several  trips  were  made  to  field  sites  in  the 
Lambwe  Valley  and  in  the  Machakos  area.  USAMRU-K  data 
were  reviewed  and  disease  problems  were  discussed  with 
USAMRU-K  personnel  and  Kenyan  health  officials.  The 
entire  Lambwe  Valley  was  mapped,  each  house  enumerated 
and  the  population  of  each  area  estimated.  A  serum 
survey  including  all  children  and  many  adult  volunteers 
turned  up  only  two  cases  of  trypanosomiasis,  one  a 
relapse,  in  the  peak  transmission  season.  A  review  of 
the  USAMRU-K  records  revealed  a  decreasing  or  stable 
incidence,  and  it  was  decided  that  there  simply  were 
too  few  human  cases  to  justify  an  expansion  of  effort 
in  chat  area. 

Leishmaniasis  presented  an  entirely  different  si¬ 
tuation,  however.  Several  cases  were  seen  in  Nairobi 
hospitals  and  special  wards  were  devoted  solely  to  the 
care  of  leishmaniasis  patients  in  Machakos  and  Makuemi 
Boma.  Little  research  had  been  done  recently  despite 
a  large  increase  in  cases  seen  in  local  clinics.  Data 
from  the  1940's  had  implicated  dogs  as  the  reservoir 
and  Phlebotomus  martini,  a  sandfly  often  found  in  ter¬ 
mite  mounds,  as  the  vector.  However,  a  recent  survey 
of  1000  dogs  had  resulted  in  only  two  with  the  disease 
and  in  our  3  day  trip  we  saw  only  one  dog  and  no  termite 
mounds  at  all.  It  was  recommended  that  the  work  of 
USAMRU-K  be  expanded  to  include  the  study  of  leish¬ 
maniasis,  especially  a  search  for  vectors  and  reservoir 
hosts  and  an  evaluation  of  current  treatment  regimens. 

13 .  Adenovirus  Antibody  Prevalence  in  Recruits 

In  early  1976,  the  prevalence  of  antibody  to 
selected  adenovirus  types  was  measured  in  personnel 
arriving  for  Basic  Combat  Training  (BCT)  to  define  the 
potential  impact  of  these  strains  on  respiratory  disease 
rates  in  trainees.  The  design,  methods  and  conclusions 
of  these  studies  have  been  described  previously  in  the 
WRAIR  Annual  Reports. 
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The  demographic  and  questionnaire  data  collected 
during  these  surveys  were  reviewed  in  depth.  This 
was  the  final  review  of  the  adenovirus  prevalence 
data,  and  a  manuscript  is  in  preparation  for  sub¬ 
mission  to  the  American  Journal  of  Epidemiology.  The 
percent  of  trainees  with  antibody  to  adenovirus  #7  was 
significantly  lower  at  Fort  Leonard  Wood.  The  reason 
for  this  is  unknown  and  may  simply  represent  chance 
variation  that  is  to  be  expected  when  many  variables 
are  studied.  The  samples  were  also  studied  by 
comparing  posts  to  refine  sampling  techniques  if 
necessary.  Trainees  sampled  at  the  four  posts  did  not 
differ  significantly  by  age,  marital  status,  household 
size,  years  of  education,  polio  virus  1,2,3  titers 
and  the  proportion  of  recruits  with  prior  basic 
training.  There  was  evidence  for  differing  regional 
composition  reflecting  increased  input  of  personnel 
from  neighboring  areas  to  the  particular  BCT  Post. 


14.  Dengue  Fever  Outbreak  in  the  Bahamas  1977 


The  Dengue  fever  outbreak  that  occurred  in  the 
Bahamas  in  1977  was  reported  in  the  FY  78  Walter  Reed 
Army  Institute  of  Research  Annual  Progress  Report  Work 
Unit  001  "Epidemiologic  Studies  of  Military  Diseases." 
There  are  several  aspects  of  the  investigation  that 
are  still  in  progress. 

Clinical  Description:  Definitive  diagnosis  of 
Dengue  Type  I  was  made  on  over  fifty  patients  by  virus 
isolation.  A  check  list  of  clinical  signs  and  symptoms 
are  available  on  these  individuals.  The  data  are  pre¬ 
sently  being  analyzed  to  produce  a  clinical  picture  of 
Dengue  Type  I  in  this  population.  The  clinical  presen¬ 
tation  will  also  be  analyzed  by  age. 

Apparent/inapparent  ratio:  Approximately  200 
Bahamian  police  submitted  blood  specimens  in  Nov  1977 
and  again  in  Jan  1978,  and  completed  questionnaires 
about  illness  and  symptoms.  The  sera  have  been  tested 
at  the  University  of  the  West  Indies  and  at  WRAIR  for 
antibody  to  Dengue  Type  I  virus.  Analysis  of  this 
data  will  provide  information  on  attack  rates  and 
apparent/inapparent  infection  ratios. 
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Risk  factors  of  infection:  During  the  household 
survey  a  number  of  variables  were  tabulated  including: 
day-time  activity,  window  screening,  larval  breeding 
sites,  travel,  age,  sex,  number  in  household,  etc. 

These  will  be  correlated  with  reported  disease  in  the 
individuals  and  the  households. 

A  manuscript  dealing  with  the  investigation  has 
been  published  in  the  scientific  literature  and  is 
listed  at  Literature  Cited. 

15.  Simultaneous  Administration  of  Live,  Enteric-Coated, 

Oral  Adenovirus  Types  4,7,  &  21  Vaccines:  Safety, 

Efficacy,  and  Immunogemcity 

The  design  and  execution  of  this  study  is  described 
in  the  WRAIR  Annual  Report  covering  the  1976-77  period. 
Basically,  the  study  involved  the  selection  in  October, 
1976  of  600  Basic  Training  volunteers  at  Ft.  Dix,  New 
Jersey,  300  of  which  received  adenovirus  21  vaccine 
(ADV-21)  in  conjunction  with  vaccines  for  adenovirus  4 
and  7  (ADV-4,  ADV-7) ,  and  300  of  which  received  placebo 
with  the  4  and  7  vaccines.  The  safety,  efficacy,  and 
immunogenicity  of  the  ADV-21  vaccine  was  to  be  deter¬ 
mined  by  drawing  pre-  and  post-immunization  sera  from 
both  groups  to  check  for  antibody  response  and  by 
following  all  subjects  for  hospitalizations  during  the 
2  month  study  period.  The  testing  of  sera  for  neutra¬ 
lizing  antibody  to  all  ADV  types  was  interrupted  because 
of  problems  with  the  primary  human  embryonic  kidney 
cell  culture  line.  This  year,  a  substitute  microneutra¬ 
lization  technique  was  developed  and  processing  of 
specimens  continued. 

A  random  sample  was  selected  containing  169  indi¬ 
viduals,  89  in  the  vaccine  group  and  80  in  the  placebo 
group.  Sera  from  these  individuals  have  been  tested 
for  neutralizing  antibody  pre-  and  post-vaccination. 
Identical  studies  have  been  performed  on  acute  and  con¬ 
valescent  sera  from  the  hospitalized  patients. 

Presently,  with  the  assistance  of  the  Department 
of  Biometrics,  all  data  in  this  study  are  being  compu¬ 
terized  so  that  an  analysis  can  be  performed  and  a 
final  report  writtei». 
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16 .  Morbidity  and  Mortality  Resulting  from  Motorcycle 

Accidents  in  the  U.S.  Army 

This  study  was  briefly  described  in  the  FY  78 
Walter  Reed  Army  Institute  of  Research  Annual  Progress 
Report  Work  Unit  001  "Epidemiologic  Studies  of  Military 
Diseases."  Analysis  of  the  IPDS  data  tapes  is  still  in 
progress.  All  hospitalizations  with  a  cause  of  injury 
code  of  motor  vehicle  accident  from  1973  to  1978  are 
included  on  the  tape.  One  finding  of  interest  is  that 
27.6%  of  all  patients  hospitalized  for  motor  vehicle 
accidents  were  operators  or  passengers  of  motorcycles 
or  mopeds. 

17 .  A  Toxoplasmosis  Outbreak  Occurring  in  U.S.  Soldiers 

Undergoing  Jungle  Training  in  the  Canal  Zone 

Within  two  weeks  of  returning  from  a  three  week 
jungle  training  course  at  Fort  Sherman  in  the  Canal 
Zone,  30  of  88  soldiers  from  the  Combat  Support  Company 
of  the  l/508th,  82nd  Airborne  Division,  Fort  Bragg, 
experienced  a  febrile  illness.  The  illness  was  charac¬ 
terized  by  fever,  chills,  headache,  myalgia,  malaise, 
and  lymphadenopathy.  Laboratory  studies  revealed  eleva¬ 
ted  SGOT,  LDH  and  alkaline  phosphatase  values.  Total 
white  counts  were  normal,  although  most  had  atypical 
lymphocytes  on  peripheral  smear.  Most  experienced  an 
illness  of  flu-like  severity  although  three  were  hospi¬ 
talized.  All  have  recovered  with  sequelae. 

Acute  and  convalescent  sera  on  12  individuals  and 
late  sera  on  another  18  were  tested  at  the  Center  for 
Disease  Control  and  demonstrated  either  seroconversion 
or  high  titers  of  IgM  when  tested  for  toxoplasmosis 
using  the  IFA  and  IHA  tests. 

Serological  survey  of  the  entire  involved  company 
demonstrated  evidence  of  recent  infection  in  only  two 
persons  who  were  not  clinically  ill.  Thus  over  90%  of 
those  infected  were  clinically  ill.  All  but  one  of  the 
cases  had  at  least  two  abnormal  liver  function  tests 
with  their  SGOT  and  LDH  values  in  the  300-400  range 
six  weeks  after  acute  illness. 

Epidemiologic  investigation  suggested  the  exposure 
to  the  Toxoplasma  gondii  organism  occurred  during  the 
four  day  field  exercise  portion  of  the  jungle  training 
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course.  This  would  indicate  an  incubation  period  of 
5  to  18  days  with  a  median  of  12  days. 

No  meal,  food  source,  or  soil  exposure  could  be 
implicated  in  the  transmission.  Epidemiologic  evidence 
pointed  to  a  water  point  as  the  most  likely  source  of 
exposure.  Presently  water  from  the  water  point  is  being 
processed  in  an  attempt  to  isolate  toxoplasma  oocysts. 

Also  presently  in  progress  is  a  serologic  survey 
of  60%  of  the  4/10  Battalion  that  is  stationed  at  Fort 
Davis,  Canal  Zone.  These  troops  have  frequent  exposure 
to  the  jungle.  A  cross-sectional  study  comparing  time 
in  Panama  and  prevalence  of  toxoplasma  antibody  will 
help  determine  whether  the  outbreak  was  a  unique  occur¬ 
rence,  or  something  that  has  previously  occurred  but 
gone  unrecognized. 

18.  Leishmaniasis  Experience  of  the  Middle  America 

Research  Unit 


The  leishmaniasis  projects,  Prevalence  of  Leishma¬ 
niasis  in  U.S.  Army  Troops  (1971-1977) ,  and  Leishmaniasis 
Among  Troops  Undergoing  Jungle  Training  in  Panama, 
reported  in  the  FY  78  and  FY  79  Walter  Reed  Army  Insti¬ 
tute  of  Research  Annual  Progress  Report  Work  Unit  001, 
highlighted  the  lack  of  data  on  the  epidemiology  of 
leishmaniasis  and  the  natural  history  of  the  disease 
particularly  in  persons  with  short  term  exposure.  In 
an  attempt  to  develop  further  information  about  leish¬ 
maniasis,  data  from  the  Middle  America  Research  Unit 
(MARU) ,  Canal  Zone  is  being  analyzed. 

During  a  period  of  approximately  10  years  data 
were  collected  on  151  military  patients  treated  at  the 
MARU  for  clinical  leishmaniasis.  Demographic,  clinical, 
laboratory  and  therapeutic  data  are  included.  Although 
there  were  problems  in  standardization  of  the  question¬ 
naires  useful  information  is  available. 

19 .  The  Design  and  Institution  of  a  Morbidity  Reporting 
System  for  the  101st  Airborne  Division  at  Fort 
Campbell ,  KY 

INTRODUCTION 

To  understand  and  analyze  the  medical  needs  of  a 
population,  outpatient  informatics  must  be  collected 
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and  reported,  since  only  a  small  percentage  of  all 
patients  are  hospitalized.  Currently,  such  outpatient 
morbidity  information  is  not  collected  in  the  Army  and, 
therefore,  is  not  available  for  epidemiologic  research 
or  disease  outbreak  investigations.  Since  the  WRAIR 
Division  of  Preventive  Medicine  is  concerned  with  both 
of  these  latter  areas,  the  establishment  of  outpatient 
morbidity  surveillance  reporting  is  considered  impor¬ 
tant. 


At  t-i.e  request  of  the  101st  Airborne  Division 
Surgeon,  LTC  Robert  Kreutzmann,  an  EPICON  team  was  dis¬ 
patched  to  Ft.  Campbell  on  5  March,  1979  to  design  an 
illness/injury  reporting  system  for  the  line  units. 

LTC  Kreutzman's  need  at  the  division  operational  level 
was  for  accurate  and  timely  information  on  illness  in 
troop  units  in  order  to  advise  commanders  concerned 
with  deployment  readiness.  In  conjunction  with  his 
General  Preventive  Medicine  Residency  Training,  CPT  R. 
Prier  was  tasked  to  design  and  implement  the  system. 

A  REPORTING  SYSTEM  DESIGN 

Initially,  the  existing  medical  care  delivery  sys¬ 
tem  and  reporting  procedures  were  evaluated.  Recording 
and  reporting  procedures  in  Aid  Stations  and  Troop 
Medical  Clinics  (TMC's)  varied  greatly.  Information 
collected  on  each  patient  upon  entering  a  TMC  or  Aid 
Station  was  recorded  on  a  log  sheet  but  was  not  stan¬ 
dardized.  Information  on  medical  problems  was  limited 
to  chief  complaint  and  not  diagnosis.  Demographic 
information  was  scanty  or  non-existent.  Aid  Station 
morbidity  reporting  consisted  of  the  monthly  Command 
Health  Feeder  Report,  with  diagnostic  information 
limited  to  counts  of  diseases  seen  by  general  organ 
system  category  (e.g.  EENT,  GI,  URI,  Skin,  etc).  The 
TMC  monthly  report  consisted  of  the  Medical  Summary 
Report,  providing  numbers  of  patients  seen  without 
reference  to  diagnosis. 

Given  the  variable  diagnostic  information  reported, 
and  the  differing  formats  used  to  submit  reports, 
standard  log-in  forms  and  procedures,  plus  reporting 
forms  and  procedures,  were  developed  and  implemented 
for  both  TMC's  and  Aid  Stations  in  three  phases.  The 
first  phase  was  the  already-described  examination  and 
description  of  existing  reporting/recording  procedures. 
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During  this  phase  enlisted  staff,  physician  assistants, 
physicians,  and  the  Division  Surgeon's  staff  were 
requested  to  give  their  input  as  to  deficiencies  in  the 
existing  system,  and  to  suggest  what  features  in  a  new 
system  would  meet  their  needs.  The  second  phase  in¬ 
volved  a  general  briefing  of  all  TMC  and  Aid  Station 
personnel  as  to  the  proposed  design  and  operation  of 
the  new  recording/reporting  system.  In  addition,  3 
TMC's  and  3  Aid  Stations  were  selected  for  a  three-day 
trial  of  the  forms  and  procedures.  The  third  and  last 
phase  consisted  of  the  implementation  of  the  system 
throughout  the  101st  Airborne  Division.  In  conjunction 
with  the  final  phase,  a  detailed  SOP  was  written  ex¬ 
plaining  the  forms  and  procedures  and  distribution  to 
all  personnel  involved. 

In  order  to  gather  hospital-generated  patient-care 
information,  a  meeting  with  the  hospital  commander  and 
nursing  chiefs  was  held.  Emergency  Room  and  hospital- 
admission  information  collection  procedures  for  active 
duty  patients  were  designed  and  implemented.  To  avoid 
having  to  collect  information  from  the  complex  hospital 
outpatient  clinic  system,  Division  personnel  going  to 
such  o' inics  are  required  to  log  in  first  at  TMC's  and 
Aid  Stations,  with  the  name  of  the  clinic  entered  as 
the  divjnosis. 

FIELD  REPORTING 

Injuries  and  illness  which  occur  in  the  field 
environment  are  recorded  using  log-in  and  reporting 
procedures  identical  to  those  in  garrison.  During  the 
design  phase  of  the  system,  an  infantry  battalion  de¬ 
ployed  to  the  field  and  utilized  the  new  Forms  and 
procedures  without  difficulty. 

DATA  PROCESSING 

Aid  Station  and  TMC  Jog  sheet  information  covering 
the  period  from  Friday  noon  until  Friday  nocn  is  trans¬ 
ferred  to  a  reporting  form  and  submitted  to  the  Divi¬ 
sion  Surgeon's  Office  (DSO) .  The  DSO  consolidates  this 
information,  along  with  Emergency  Room  and  hospital 
admission  data,  and  converts  it  to  rates  for  each  unit 
by  sex  and  diagnosis.  These  rates  are  transferred  to 
a  Unit  Surveillance  Form  (one  for  each  battalion-size 
unit)  where  they  can  be  followed  over  time.  In  addition 


905 


to  rates,  the  absolute  number  of  hospitalizations  and 
quarters/profiles  can  be  followed  over  time.  Unit 
strength  denominator  data  is  obtained  from  the  Division 
G-l  on  a  regular  basis. 

Analysis  of  data  from  field  exercises  is  done  uti¬ 
lizing  a  separately  designed  surveillance  form  which 
utilizes  the  person-days  denominator  concept  to  allow 
for  variable  unit  size  and  exercise  duration.  This 
permits  medical  and  operational  planning,  plus  compari¬ 
son  of  unit  performance  in  similar  exercises. 

FEEDBACK 

Once  data  input  has  been  accomplished  and  analysis 
completed,  a  feedback  form  is  completed  and  sent  to 
commanders  and  their  medical  staff.  Four  separate  forms 
are  prepared,  one  each  for  infantry,  artillery,  aviation, 
and  support  units  of  the  101st  Airborne  Division.  This 
allows  for  comparison  of  illness  experience  in  units 
with  similar  operational  and  training  requirements. 

FOLLOW-UP  PROBLEMS  AND  FUTURE  SOLUTIONS 

The  major  flaw  in  the  surveillance  system  described 
above  is  that  the  compilation,  tabulation,  and  analysis 
of  data  are  done  manually.  In  late  June,  CPT  Prier 
returned  to  Ft.  Campbell  to  monitor  progress/problems 
with  the  system.  As  expected,  manually  processing  data 
involving  multiple  variables  on  large  numbers  of  patients 
is  tedious,  and  was  taking  up  to  two  hours  per  day  in 
some  TMC's.  The  problem  is  compounded  by  a  shortage  of 
enlisted  personnel  at  Ft.  Campbell.  Thus,  the  manpower 
to  perform  extra  administrative  tasks  such  as  morbidity 
surveillance  is  limited.  Therefore,  because  of  critical 
shortages  of  physicians  and  support  personnel,  the  data 
gathering  and  analysis  functions  failed.  Although  tem¬ 
porary  measures  to  decrease  analytic  requirements  were 
instituted,  the  problems  of  time  limitations  and  per¬ 
sonnel  shortages  still  exist. 

Clearly,  automated  data  processing  (ADP)  would  alle¬ 
viate  the  present  difficulties  at  Ft.  Campbell  and  would 
also  be  essential  if  such  a  system  were  implemented  Army¬ 
wide.  An  investigation  of  local  computer  equipment  at 
Fort  Campbell  disclosed  that  no  ADP  resources  are  avail- 
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able  for  such  a  system.  Currently,  the  software  for 
an  automated  morbidity  reporting  system  is  being  deve¬ 
loped  by  the  WRAIR  Division  of  Preventive  Medicine  in 
conjunction  with  the  Division  of  Biometrics  and  the 
Uniformed  Services  University  of  Health  Sciences  Depart¬ 
ment  of  Preventive  Medicine.  It  is  planned  to  utilize 
a  mini-computer  with  this  software  in  a  test  at  Fort 
Campbell  in  late  1979. 

Other  individuals  interested  in  outpatient  reporting 
?nd  consulted  in  conjunction  with  this  project  have 
been  LTC  Darlow  L.  Inberg,  Chief,  U.S.  Army  Patient 
Administration  Systems  and  Biostatistics  Activity,  Fort 
Sam  Houston,  and  MAJ  Henry  Scagliola  of  the  Occupational 
and  Environmental  Medicine  Division,  U.S.  Army  Environ¬ 
mental  Hygiene  Agency. 

20.  Hepatitis;  Impact  on  the  U.S.  Army  and  Cost/Benefit 

Analysis  of  Hepatitis  B  Vaccination 

Although  the  incidence  of  hepatitis  in  the  U.S.  Army 
has  decreased  during  this  decade,  it  still  remains  as  a 
leading  cause  of  Non-Effective  Day  (NED)  and  accounts 
for  about  3%  of  all  Bed  Occupancy  Day  (BOD) .  Hepatitis 
is  a  more  serious  problem  for  the  Army  overseas  than  in 
CONUS.  During  the  first  6  months  of  1978  hepatitis 
accounted  for  about  8%  of  all  BOD  for  the  Army  in 
Europe  compared  to  1%  in  CONUS.  The  U.S.  Army  is  paying 
a  heavy  toll  (medical  care  cost  and  loss  of  manpower) 
for  hepatitis.  The  present  study  was  designed  to:  (1) 
estimate  more  accurately  the  impact  of  hepatitis  on  the 
U.S.  Army,  (2)  identify  the  high  risk  group  of  hepatitis, 
and  (3)  analyze  cost/benefit  of  vaccination  against 
hepatitis  B.  The  data  source  is  IPDS.  Cost/benefit 
analysis  will  be  done  when  the  data  for  efficacy  of  the 
vaccine  and  etiology  of  the  hepatitis  become  available. 

21.  Demographic  Variables  of  Tuberculosis  Cases  in 

U.S.  Army 

Recenr.  experiences  with  tuberculosis  convertors 
in  a  school  age  population  of  a  U.S.  Army  post  (Spring 
1978)  and  reports  of  a  similar  problem  in  the  DOD 
dependent  school  system  in  Europe  have  raised  several 
questions  in  relation  to  the  collection  and  use  of  tuber¬ 
culosis  data  in  the  military  system.  These  questions 
have  demonstrated  that  the  data  is  not  being  collated 
or  interpreted  to  the  extent  possible. 
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Much  information  is  being  generated  through  the 
Army  tuberculosis  control  program.  This  information 
includes  data  on  TB  screening,  diagnosis  and  treatment 
of  active  TB  and  prophylaxis  for  convertors. 

This  study  is  being  conducted  to  describe  the 
population  being  followed  through  Army  Medical  Services 
for  active  tuberculosis.  A  second  objective  is  to 
identify  associated  variables  that  may  indicate  why 
this  group  was  at  greater  risk  of  developing  tuverculo- 
sis.  Forty-one  posts  in  the  United  States  including 
Alaska  and  Hawaii  were  selected  for  this  study.  Ques¬ 
tionnaires  were  sent  to  the  Community  Health  Nursing 
Services  of  each  post  as  this  service  usually  coordi¬ 
nates  follow-up  for  tuberculosis  patients.  A  question¬ 
naire  was  requested  for  each  person  in  the  tuberculosis 
registry  being  followed  for  previously  active  disease. 
Questionnaires  were  sent  out  under  USC  sponsorship  with 
a  suspense  date  of  early  1979  (April-May) .  The  ques¬ 
tionnaires  have  recently  been  returned  and  data  analysis 
is  in  progress. 

22 .  Serologic  Survey  of  Hepatitis  Antigen/Antibody 

Prevalence  in  Special  Forces  Troops 

Little  information  exists  concerning  the  exposure 
of  Army  populations  to  hepatitis  virus  types.  One 
method  of  acquiring  such  information  is  to  test  sera 
remaining  from  previous  studies.  Sera  from  two  special 
forces  units,  utilized  in  previous  surveys  and  kept  in 
storage  at  the  WRAIR,  was  selected  for  this  purpose. 

One  group  of  275  individuals  participated  in  the 
Alaskan  "Jack  Frost"  exercise  of  1977  and  had  pre- 
and  post-deployment  sera  collected  for  Hepatitis  B 
Antigen/Antibody  testing.  No  testing  for  hepatitis  A 
antibody  was  performed  at  the  time  of  sera  collection 
due  to  the  lack  of  a  specific  test.  The  second  group 
of  106  troops  participated  in  the  1978  "ARESH"  exer¬ 
cise  which  took  place  in  Iran.  One  post-deployment 
serum  specimen  was  collected  to  check  for  Leishmaniasis 
exposure.  No  hepatitis  testing  was  done  in  this  latter 
group.  Both  groups  were  administered  questionnaires 
concerning  demographic  variables  and  previous  assign¬ 
ment  information. 

The  present  study  will  examine  all  sera  for  hepa¬ 
titis  B  surface  antigen,  core  antigen,  and  surface 
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antibody,  as  well  as  for  hepatitis  A  antibody.  Results 
will  be  correlated  by  computer  with  the  questionnaire 
data  to  help  elucidate  which  factors  are  related  to 
the  risk  of  hepatitis  exposure  in  this  specialized 
military  population.  Future  studies  on  different  Army 
populations  will  provide  information  to  augment  our 
knowledge  of  hepatitis  in  active  duty  personnel. 

23.  Etiology  of  Viral  Hepatitis  Requiring  Hospital 

Admission  Among  U.S.  Military  Personnel 

This  .i  s  a  study  initiated  and  conducted  by  the 
Department  of  Virus  Diseases  and  is  being  reported 
under  Work  Unit  135  "Mechanisms  of  Transmission  of 
Hepatitis  Viruses."  The  Division  of  Preventive  Medi¬ 
cine  is  providing  coding  and  analytic  support  for  the 
project.  Approximately  100  sequential  active  duty 
hepatitis  patients  will  be  entered  into  the  study  from 
each  of  five  hospitals  (three  in  Germany,  one  in 
Korea  and  one  at  Ft.  Hood,  TX) .  Two  questionnaires 
will  be  completed  and  laboratory  data  from  the  hospi¬ 
tals  as  well  as  hepatitis  serologic  results  from  WRAIR 
will  be  included.  The  records  are  being  transposed  to 
computer  files  at  the  present  time.  Each  record  will 
consist  of  5  eighty  column  cards.  Once  the  file  is 
created  variables  of  interest  will  be  abstracted. 
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Description 


The  pathogenesis  of  bacterial  infections  of  the  gastroin¬ 
testinal  tract,  particularly  those  caused  by  Shigella, 
Salmonella  and  Escherichia  coli  is  being  studied  to  establish 
factors  and  mechanisms  by  which  disease  is  provoked.  Through 
an  elucidation  of  such  elements,  procedures  for  prevention  and 
control  of  diarrheal  diseases  can  be  devised. 


Progress 


By  employing  an  integrated,  immunologic,  cytologic  and 
genetic  approach  (see  previous  annual  reports)  studies  in  this 
department  are  concentrating  on  further  elucidation  of:  (1) 
virulence  factors  and  mechanisms  involved  in  intestinal  pene¬ 
tration  and  toxin  elaboration  by  pathogens,  key  mechanisms  by 
which  enteric  diseases  are  provoked;  (II)  the  genetic  control 
of  0  antigen  specificity  of  enteric  pathogens  since  such  cell 
envelope  components  are  of  importance  both  in  disease  and  its 
prevention  through  vaccination;  and  (III)  the  application  of 
genetic  techniques  for  development  of  live,  oral  vaccines 
against  Shigellosis: 


1.  Investigation  of  Yersinia  enterocolitica  have  shown 
that  their  invasiveness  properties  are  under  the  control  of 
a  plasmid.  Contour  length  measurements  of  plasmid  DNA  iso¬ 
lated  from  strain  Y7P  has  revealed  two  plasmid  species:  42,15 
±  15  megadaltons  and  36.35  ±  0.89  megadaltons.  The  42  Mdal 
plasmid  has  been  shown  to  confer  magnesium  oxalate  sensitivity 
to  Y.  enterocolitica,  a  property  previously  shown  to  be  re¬ 
lated  to  the  virulence  of  Y.  pestis. 


2.  Shigellae  invade  tissue  culture  cell  lines  which  are 
either  sensitive  or  resistant  to  Shiga  toxin  with  equal  ef¬ 
ficiency.  The  plasma  membrane  of  these  cells  are  not  measur¬ 
ably  damaged  during  the  process  of  invasion. 
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3.  Purified  rabbit  ileal  secretory  IgA  can  induce  anti¬ 
body-dependent  mononuclear  cell -mediated  antibacterial  activity 
against  Shigella  flexneri  hybrid  strain  X-16. 

4.  Using  solid  phase  radioimmunoassay,  in  contrast  to  pre¬ 
vious  findings  with  hemagglutination  techniques  serum  IgA,  IgG 
and  IgM  rises  could  be  detected  in  sera  from  volunteers  vaccina¬ 
ted  orally  with  the  Type  Ty  2a  strain  of  Salmonella.  Rises  could 
also  be  detected  in  patients  experimentally  infected  with 
Salmonella. 

1.  Although  Yersinia  enterocolitica  has  been  recovered 
fromqjoradic  human  infections  for  over  50  years,  it  is  only  in 
recent  years  that  the  diseases  caused  by  it  have  gained  attention 
in  the  United  States.  Studies  of  the  pathogenesis  of  acute  gas¬ 
troenteritis  by  Y.  enterocolitica  have  now  revealed  that  both 
invasive  and  toxigenic  mechanisms  are  Involve'1 .  Some  strains 
of  Y.  enterocolitica  have  been  shown  (a)  to  produce  a  heat- 
stable  enterotoxin  (ST)  similar  to  that  of  enterotoxigenic 
Escherichia  coli  and  (b)  to  invade  host  tissue  in  a  variety  of 
animal  models.  The  clinical  signs  of  Y.  enterocolitica 
infections  are  protean  and  often  dependent  on  the  age  and 
physical  health  of  the  host.  An  acute  enterocolitis  with  fever 
vomiting  and  diarrhea  which  occasionally  is  accompanied  by 
blood  and  mucous,  appears,  however,  to  be  the  most  common 
manifestation,  particularly  in  infants  and  small  children. 

Older  children  and  adults  have  also  been  shown  to  have  a 
terminal  ileitis  and  mesenteric  lymph-adenitis  which  frequently 
resembles  an  acute  appendicitis.  More  rarely,  Y. 
enterocolitica  infections  have  been  found  to  be  the  cause  of 
enteric  fever,  septicemia,  and  a  broad  spectrum  of  other 
extra-intestinal  diseases  particularly  in  hosts  that  are  aged, 
debilitated  or  immunologically  compromised.  The  virulence 
properties  and  epidemiological  relationships  among  isolates 
from  such  diverse  infections  and  from  food  and  water  sources 
still  remain  be  be  characterized  systematically. 

Recent  studies  have  revealed  a  possible  plasmid  control 
mechanism  for  the  ability  of  Y.  enterocolitica  to  cause 
keratoconjunctivitis  in  guinea  pigs.  In  the  present  study  of 
the  virulence  and  plasmid  properties  of  Y.  enterocolitica,  we 
likewise  have  found  that  a  plasmid  is  associated  with  the 
invasiveness  of  strains.  This  plasmid  has  now  been  shown  to 
be  involved  in  the  invasion  and  translocation  of  Y_. 
enterocolitica  in  a  murine  model.  Furthermore,  we  have 
revealed  that  strains  harboring  this  plasmid  are  selectively 
inhibited  in  their  growth  at  37°C  on  magnesium  oxalate  agar, 
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a  medium  previously  found  to  inhibit  growth  of  plague  bacilli 
which  produce  the  V  and  W  antigens. 

The  three  Y.  enterocolitca  serotype  0:8  strains  chosen 
for  this  study  were  kindly  provided  by  Dr.  Ira  Melman,  FDA, 
Washington  DC  and  Dr.  W.H.  Lee,  USDA,  Beltsville,  Md.  Strain 
WA,  originally  isolated  from  a  septicemic  human  infection,  has 
been  described  previously.  Strain  CDC  2635,  recovered  from 
chocolate  milk  causing  a  food  borne  epidemic  of  gastroenteritis 
in  Oneida  County,  NY  and  its  isogenic  derivative,  TAMU-75,have 
also  been  described  elsewhere.  Strain  Y7P  was  also  recovered 
from  a  case  of  gastroenteritis. 

As  summarized  in  Table  1,  these  3  strains  were  found  to 
have  similar  invasive  and  toxigenic  properties.  Their  invas¬ 
iveness  could  readily  be  demonstrated  in  guinea  pigs  using  the 
Sereney  Test  for  keratoconjunctivitis.  Unlike  virulent 
shigellae  which  provoke  a  positive  eye  reaction  at  inocula  of 
1  x  10^  organisms/ml,  Y.  enterocolitica  was  found  to  yield 
variable  results  at  this  dosage.  Thus,  to  insure  against  the 
possibility  of  false  negative  reactions,  broth  suspensions  of 
agar  grown  cells  containing  about  1  x  101U  organisms  per  ml 
were  routinely  employed  for  this  test.  When  a  drop  of  such  a 
suspension  was  deposited  into  the  conjunctival  sac  of  a  guinea 
pig,  strains  WA,  CDC  2635  and  Y7P  repeatedly  provoked  positive 
reactions.  An  opaqueness  usually  develops  in  the  cornea  with¬ 
in  48  h,  followed  by  a  keratoconjunctivitis  within  5  days  of 
infection.  Cultivation  of  the  exudate  from  such  infected  eyes 
on  MacConkey  lactose  agar  yielded  Y,  enterocolitica. 

These  strains  also  were  found  to  be  lethal  to  mice  chal¬ 
lenged  either  orally  or  intraperitoneally  (i.p.)  Groups  of  5 
swiss  albino  mice  (Walter  Reed  ICR)  mice  weighing  15-20  g  were 
deprived  of  water  for  18  h  and  then  allowed  to  drink  ad 
libitum  from  a  50  ml  water  suspension  of  each  strain  contain¬ 
ing  about  1  x  10^  bacteria/ml.  Such  oral  infection  of  mice 
results  in  a  fetal  systemic  disease.  Within  7-14  days  follow¬ 
ing  infection,  invasion  of  the  liver  ana  spleen  by  the 
challenge  organism  could  be  readily  detected  in  moribund  mice 
using  standard  bacteriological  techniques .  All  three  strains 
had  an  LD50  of  about  100  cells,  determined  from  the  results  of 
i.p.  injection  of  graded  doses  of  the  pathogens  and  calculated 
by  the  method  of  Reed  and  Muench. 

Similar  animal  studies  were  performed  with  non-invasive 
derivatives  of  these  strains.  Strains  Y7N  and  WA-ETBR37  were 
recovered  following  growth  at  37C  of  the  respective  parental 
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strains  in  Penassay  broth  containing  ethidium  bromide  (10"%) . 
As  shown  in  Table  1  these  derivatives  and  the  similarly  iso¬ 
lated  TAMU-75  strain  failed  to  cause  conjunctivitis  in  guinea 
pigs  and  a  fatal  infection  in  mice. 

The  enterotoxin  properties  of  these  strains  were  identi¬ 
cal  irresponsive  of  whether  they  were  invasive  or  not.  No 
evidence  of  12.  coli  LT  could  be  detected  using  the  Yi  adrenal 
cell  assay.  All  strains,  however,  produced  a  heat  stabile 
enterotoxin,  as  shown  by  fluid  production  in  the  suckling  mouse 
model.  Supernatant  filtrates  of  these  strains  grown  in  alka¬ 
line  trypticase  soy  broth  routinely  yielded  SO  units  of  toxin/ 
ml. 


The  plasmid  content  of  Y7P,  WA,  CDC  2635  and  their  re¬ 
spective  non- invasive  derivatives  was  next  examined.  A  clone 
of  Y7P,  reisolated  from  the  spleen  of  an  orally  infected 
mouse,  was  chosen  for  detailed  study.  Purified  covalently 
closed  circular  plasmid  DNA  was  recovered  from  Triton-X  cell 
lysates  of  Y7P  by  means  of  cesium  chloride-ethidium  bromide 
density  gradient  centrifugation  and  examined  for  contour 
length  under  the  electron  microscope  to  determine  the  molecu¬ 
lar  size  of  p]asmids.  Plasmid  pSClOl,  with  a  molecular  weight 
of  6,0  ±  0.37  megadaltons  (Mdals)  served  as  the  reference 
standard.  Two  plasmid  classes  were  distinguished  in  Y7P;  42.15 
±  1.12  Mdals  (11  molecules  measured)  and  36.35  ±  0.89  Mdals 
(30  molecules  measured). 

The  plasmid  profiles  of  various  strains  following 
electrophoretic  analyses  of  ethanol  precipitated  DNA  isolated 
from  cleared  bacterial  lysates  have  also  been  compared.  Such 
partially  purified  DNA  was  subjected  to  electrophoresis  through 
0.7%  agarose  gels  and  then  examined  for  DNA  bands  by  staining 
with  ethidium  bromide  as  previously  described.  The  two  plasmid 
classes  of  Y7P  (42  and  36  Mdals),  were  used  as  references.  WA 
and  CDC  2635,  both  wild-type  invasive  strains  similar  to  Y7P 
in  various  animal  models,  also  possess  a  plasmid  which  is  42 
Mdals  in  size.  The  non- invasive  but  still  enterotoxigenic 
derivatives  WA-ETBR37,  TAMU-75  and  Y7N,  however,  have  lost  this 
plasmid. 

The  availability  of  isogenic  pairs  of  Y.  enterocolitica 
which  differ  in  their  virulence  properties  have  allowed  studies 
of  the  nature  of  the  invasive  determinant  that  this  plasmid 
confers  on  Y.  enterocolitica.  Our  initial  efforts  have 
addressed  properties  long-recognized  to  be  related  to  the 
virulence  of  Yersinia  such  as  production  of  fibrinolytic 
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factor,  coagulase  and  the  V  and  W  antigen"?  of  plague  bacilli  as¬ 
sociated  with  magnesium  oxalate  sensitivity.  Strains  WA,  CDC 
2635,  Y7P  and  their  isogenic  derivatives,  however,  did  not  pos¬ 
sess  either  fibrinolytic  factor  or  coagulase  activity. 


In  contrast,  a  profound  difference  in  growth  inhibition 
at  37C  on  magnesium  oxalate  agar  was  observed  between  invasive 
and  non-invasive  isogenic  pairs  of  Y.  enterocolitica.  (Table 
2).  Single  colonies  of  Y7P,  WA,  CDC  2635  and  their  non- 
invasive  derivatives  were  grown  overnight  at  26°  in  broth  and 
diluted  in  saline  to  a  concentration  of  about  1  x  10^  cells/ml. 
At  this  time,  10  pi  samples  were  plated  in  duplicate  for  each 
of  the  conditions  being  tested.  Blood  agar  base,  lacking  the 
other  ingredients  of  magnesium-oxalate  agar,  was  included  as  a 
control.  It  is  evidence  that  the  growth  of  Y7P,  WA  and  CDC 
2635  is  inhibited  on  magnesium  oxalate  agar  at  37°  but  not  at 
26°C.  Non-invasive  derivatives  Y7N,  WA-ETBR37  and  TAMU-75, 
which  lack  the  plasmid  42  mdals  in  size  show  no  such  growth 
inhibition  at  the  elevated  temperature.  This  growth  inhibiting 
effect  is  not  lethal  to  Y7P,  WA  and  CDC  2635  cells.  Examina¬ 
tion  of  these  plates  under  a  dissecting  microscope  revealed  a 
background  of  minute  colonies  which  were  found  to  develop  into 
full  size  if  allowed  to  incubate  at  26°C.  Preliminary  charact¬ 
erization  of  Y7P,  WA  and  CDC  2635  clones  recovered  at  37°C  as 
large  colonies  resistant  to  inhibition  on  magnesium  oxalate 
agar  has  shown  them  to  be  non-invasive  and  lacking  the  plasmid 
(unpublished  observations). 


Our  finding  of  a  selective  inhibition  of  growth  of  in¬ 
vasive  strains  of  Y.  enterocolitica  on  magnesium  oxalate  agar 
thus  provides  a  lead  for  establishing  the  nature  of  this 
plasmid  determined  invasive  factor.  Magnesium  oxalate  agar 
has  been  previously  shown  to  inhibit  the  growth  at  37°C  of 
virulent  Y.  pestis  which  produce  the  V  and  W  antigens  and 
express  a  calcium  deficiency  affecting  their  ability  to  grow. 
Strains  of  Y.  pestis  which  lack  the  V  and  W  antigens  are  not 
inhibited  in  their  growth  at  37°C  on  this  medium.  The  V 
protein  and  W  lipoprotein  antigens  of  Y.  pestis  produced  only 
at  37UC,  are  considered  to  be  the  factors  which  act  in 
combination  to  make  plaque  bacilli  resistant  to  phagocytic 
killing.  Investigations  are  currently  underway  to  determine 
whecher  invasive  Y.  enterocolitca  produce  antigens  similar  or 
identical  to  V  and  W. 


Preliminary  screening  studies  of  a  number  of  Y. 
enterocolitica  isolates  from  a  variety  of  sources  also 
indicate  that  the  magnesium  oxalate  agar  inhibition  test  may 
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distinguish  virulent,  clinically  significant  isolates  from  other 
strains  (unpublished  observations).  Such  a  reliable,  inexpen¬ 
sive  test  would  facilitate  the  assessment  of  the  public  health 
significance  of  Y.  enterocolitica  in  food  and  water  sources. 

2.  Bacteria  of  the  genus  Shigella  produce  disease  by  in¬ 
fection  and  instruction  of  the  cells  lining  the  large  intestine. 

In  this  study  cultured  mammalian  host  cells  were  used  as  a  sim¬ 
plified  model  of  human  intestinal  mucosa  cells.  Certain  strains 
of  shigellae  not  only  infect  these  cells  but  also  produce  a  pro¬ 
tein  (Shiga  cytotoxin)  which  kills  mammalian  cells  when  added 
exogenously.  To  assess  the  relative  contribution  of  the  above 
bacterial  characteristics  to  virulence,  three  cell  lines  with 
differing  sensitivity  to  Shiga  cytotoxin  were  employed.  Two 
cultures,  Henle  407  and  HeLa  (CCL-2),  were  significantly  more 
resistant  to  cytotoxin  than  was  a  third,  HeLa  (WRAIR) .  A  fully 
toxigenic  strain  of  Shigella  dysenteriae  1  (3818T) ,  a  hypotoxi- 
genic  mutant  of  this  strain  (725),  and  two  strains  of  £[. 
flexneri  2a  (24570  and  M4243)  were  studied.  Damage  to  the 
plasma  membrane  of  infected  host  cells  was  quantitated  by 
measuring  release  of  (%)  uridine  from  labeled  cells. 

These  studies  showed  that  the  plasma  membrane  of  host 
cells  was  quantitated  by  measuring  release  of  (^H)  uridine 
from  labeled  cells. 

These  studies  showed  that  the  plasma  membrane  of  host 
cells  is  not  measurably  damaged  during  the  process  of  infection. 
Apparently  infecting  organisms  are  engulfed  by  cultured  cells. 

In  addition  it  was  found  that  cytotoxin  production  is  r.ot  directly 
related  to  infectivity  in  the  shigella  strains  tested;  however, 
the  appearance  of  delayed  cytotoxic  manifestations  in  infected 
host  cells  was  significantly  accelerated  when  overtly  toxigenic 
organisms  infected  toxin-sensitive  cells.  Since  dysentery  tends 
to  be  more  severe  in  human  infections  caused  by  overtly  toxigenic 
shigella  strains,  the  above  observations  suggested  that  the 
clinical  manifestation  most  directly  attributable  to  Shiga 
cytotoxin  may  be  destruction  of  infected  colonic  epithelial 
cells  with  resultant  ulceration  of  the  mucosal  lining 

3.  We  have  previously  demonstrated  that  not  only  IgG  in 
human  post-immunization  sera,  but  also  IgG  and  IgA  derived 
from  sera  of  patients  convalescing  from  meningococcal  disease 
can  induce  antibody-dependent  mononuclear  cell-mediated  (ADC) 
antibacterial  activity.  We  now  report  that  rabbit  ileal  loop 
secretions  lacking  detectable  anti-shigella  IgG  but  containing 
secretory  IgA  (s-IgA)  directed  against  Shigella  flexneri  hybrid 
strain  X-16  (as  determined  by  ELISA  technique)  can  induce  ADC 
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mononuclear  cell  mediated  antibacterial  activity.  In  contrast, 
secretions  obtained  prior  to  immunization  or  subsequent  to 
immunization  with  normal  saline  were  ineffective  (table  3). 
Furthermore,  by  using  secretions  obtained  on  different  days 
post-shigella  X-16  immunization,  we  have  determined  that  the 
magnitude  of  ADC  antibacterial  activity  is  directly  proportional 
to  the  amount  of  anti-shigella  X-16  s-IgA  present  (table  4). 

Since  mononuclear  cells  present  in  mucosal  tissues  have  been 
shown  to  be  capable  of  mediating  antibody-dependent  cellular 
cytotoxicity,  it  is  possible  that  this  newly  discovered 
antibacterial  role  of  s-IgA  is  an  important  local  host  immune 
defense  mechanism  which  functions  by  limiting  bacterial 
multiplication  in  secretory  tissues  and  thereby  decreases  the 
opportunity  for  systemic  invasion  by  pathogenic  bacteria.  IgA 
may  be  uniquely  suited  to  this  tissue-associated  role  since  it 
does  not  activate  the  complement  cascade  and,  therefore,  does 
not,  in  this  ADC  antibacterial  function,  concomitantly  generate 
local  immunopathology  and  Inflammation.  Demonstration  of  s-IgA 
dependent  mononuclear  cell  mediated  antibacterial  activity  may 
be  significant  in  evaluating  the  ability  of  potential  anti¬ 
shigella  vaccines  to  induce  a  local  immune  response  which  is 
effectively  antibacterial. 

4.  The  UDP  -  Glucose-4  -  Epimeraseless  mutant  of  Salmonella 
:yphi  (Ty  21a)  is  currently  being  evaluated  as  a  live  oral 
vaccine  against  typhoid  fever  (1).  In  the  published  data  only 
17%  of  the  volunteers  vaccinated  orally  had  a  4-fold  rise  in  0 
antibody,  yet  only  7%  of  vaccines  developed  typhoid  when  experi¬ 
mentally  challenged,  as  compared  to  53%  of  non-vaccinated 
controls  (1).  This  would  suggest  that  serum  antibody  did  not 
correlate  and  was  not  involved  in  immunity.  These  assays  were 
performed  using  standard  hemagglutination  techniques  and  because 
these  techniques  primarily  measure  IgM  it  was  felt  that  these 
sera  should  be  re-examined  using  the  technique  of  class  specific 
solid  phase  radioimmunoassay.  Eight  pairs  of  sera  consisting 
of  a  pre  bleed  and  post  oral  vaccination  sera  were  tested  for 
IgG,  IgA  and  IgM  levels  against  lipopolysaccharide  (LPS)  from 
the  Gal  E  vaccine  grown  in  the  presence  of  galactose  or  the 
presence  of  glucose,  LPS  from  wild  type  Salmonella  typhimurium, 
LPS  from  Shigella,  and  LPS  from  the  LPS  core  defective  mutants 
J-5  and  Re.  No  significant  rises  in  antibody  were  found  in  the 
volunteers  for  any  class  of  antibody  against  LPS  from  either 
Shigella,  the  J-5  or  Re  mutants.  The  data  for  class  specific 
rises  against  galactose  grown  Ty  2a  and  wild  type  LPS  antigens 
is  shown  in  Table  5.  The  solid  phase  detected  a  rise  in  6/8 
vaccinated  volunteers  of  IgA  antibody  against  LPS  from  Ty  2a 
antigen,  5/8  in  the  IgG  class  and  6/8  in  the  IgM  class.  Rises 
against  wild  type  LPS  were  not  as  high  or  as  consistent.  The 
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rises  in  IgA  class  were  as  high  as  those  in  the  IgG  class  which 
may  be  related  to  the  fact  that  this  is  an  oral  vaccine.  Only 
2  of  8  gave  rises  against  wild  type  antigen  of  the  IgM  class. 
This  is  consistent  with  the  HA  rises  against  wild  type  0  antigen 
previously  reported.  These  data  explains  their  results  and 
demonstrates  that  significant  serum  rises  do  occur  following 
oral  vaccination  when  the  vaccine  antigen  is  used  for  measuring 
antibody. 


Thirty  eight  sera  from  6  volunteers  experimentally 
infected  with  Salmonella  were  tested  for  sequential  rises  class 
specific  against  LPS  from  wild  type  Salmonella.  Serum  from 
four  of  the  six  volunteers  demonstrated  consistent  rises  in  all 
three  classes.  Thirty  six  sera  from  patients  experimentally 
infected  with  Shigella  f lexneri  were  examined  for  rises  in 
antibody  against  LPS  from  the  infecting  strain.  None  had  IgM 
rises,  4/6  had  IgA  rises  and  3/6  had  IgG  rises.  Rises  in  IgA 
and  IgG  classes  of  antibody  can  therefore  be  measured  in  the 
sera  of  most  but  not  all  volunteers  either  vaccinated  orally 
or  experimentally  infected  with  salmonella  or  shigellae. 


Table 


Table  2 


Growth  of  Invasive  and  non-invasive  isogenic  pairs  of  Y 
enterocolitica  on  magnesium  oxalate  agar  ** 


Average  number  of  colonies* 


Strain 

Magnesium  oxalate  agar* 

Blood  agar 

base 

26C 

37C 

26C 

37C 

Y7P 

154 

1 

163 

147 

Y7N 

183 

181 

176 

175 

CDC  2635 

196 

<  1 

206 

193 

TAMU-75 

165 

153 

162 

169 

WA 

140 

<  1 

147 

148 

WA-ETBR37 

161 

165 

162 

154 

*  10  ul  samples  were  spread  in  duplicate  for  each 
condition. 

**  Ingredients  per  liter:  Blood  agar  base,  40  g;  MgC^ 
(0.25  MX 80  ml;  sodium  oxalate  (0.25  M) ,  80  ml;  glucose 
(1M)  10  ml;  distilled  water,  830  ml. 


Table  3 


The  ability  of  rabbit  ileal  secretions  containing  anti-shigella 
X-16  secretory  IgA  to  induce  antibody  dependent  mononuclear 
cell -mediated  antibacterial  activity  against  shigella  X16 


Serum 

Dilution 

No.  of  viable  ^ 

bacteria/ml  x  10 

Antibacterial 
activity  (%) 

None 

- 

>  11.1 

0* 

Non-immune 

Neat 

10.8 

12* 

1/2 

10.7 

14* 

1/4 

>  11.1 

0* 

1/8 

>  11.1 

0* 

Immune 

Neat 

1.7 

85 

1/2 

3.9 

74 

1/4 

4.2 

63 

1/8 

6.8 

39 

1/16 

7.7 

29 

1/32 

8.5 

22* 

1/64 

9.2 

18* 

*  Antibacterial  activity  not  significant. 
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Table  4 


The  relationship  between  the  amount  of  anti-shigella  X-16  secre¬ 
tory  IgA  and  its  ability  to  induce  antibody-dependent  mononuc¬ 
lear  cell-mediated  antibacterial  activity 


Day  post-immunization 
that  secretions  are 
collected 

Units  anti-shigella 

X-16  secretory  IgA* 
in  collected  secretion 

Antibacterial 

activity** 

1 

.063 

0 

4 

.136 

35 

7 

.234 

63 

11 

.328 

92 

21 

.966 

97 

*  As  measured  in  ELISA  assay. 

**A11  values  represent  activity  at  1/16  dilution. 
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Table  5 


Class  specific  antibody  rises  in  volunteers  orally  vaccinated  with 
Ty  21a  Salmonella  typhi  vaccine 


Volunteer  Pair 

Ty  2a 
LPS 

IgA* 

Wild 

LPS 

Ty  2a 
LPS 

IgG* 

Wild 

LPS 

Ty  2a 
LPS 

IgM  * 

Wild 

LPS 

1  pre 

.05 

0.13 

2.51 

1.27 

1.96 

5.57 

post 

7.58 

2.22 

8.01 

9.82 

9.51 

7.76 

2  pre 

0.07 

0.17 

0.06 

0.28 

3.0 

4.33 

post 

0.27 

0.17 

0.07 

0.28 

8.17 

8.08 

3  pre 

0.03 

0.14 

1.42 

0.38 

0.31 

2.49 

post 

6.94 

0.25 

8.25 

0.56 

16.7 

6.5 

4  pre 

0.01 

0.1 

0.1 

0.17 

0.77 

1.42 

post 

0.05 

0.13 

0.22 

0.17 

4.26 

2.07 

5  pre 

0.02 

0.09 

0.08 

0.53 

0.6 

0.76 

post 

.51 

0.64 

10.72 

2.65 

9.3 

4.53 

6  pre 

0.04 

0.19 

0.06 

0.23 

2.6 

2.9 

post 

4.17 

6.39 

0.10 

2.22 

21.8 

18.6 

7  pre 

0.8 

1.22 

0.26 

3.21 

2.3 

3.8 

post 

8.06 

6.42 

2.09 

4.35 

3.8 

4.5 

8  pre 

0.53 

0.36 

0.45 

1.19 

2.5 

4.6 

post 

8.02 

0.34 

2.13 

0.63 

2.1 

5.3 

Mean  pre 

0.19 

0.3 

0.68 

0.89 

1.67 

3.2 

Mean  post 

4.56 

2.07 

4.02 

2.57 

9.45 

7.1 

*  All  antibody  levels  in  micrograms /ml. 
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23(U)  To  define  histopathologic  manifestations  of  injuries  and  diseases  which  have  cur¬ 
rent  or  potential  problems  in  military  personnel.  The  current  effort  is  directed 
toward  studies  of  enteric  diseases  and  immunologic  responses  to  enteric  and  other  in¬ 
fections.  These  studies  provide  a  basis  for  a  comprehension  of  pathogenesis,  therapy, 
and  determination  of  prognosis  in  infectious  diseases  of  military  personnel. 

24(U)  Various  morphologic  techniques  including  histology,  histo-  and  cytochemistry, 
autoradiography,  immunofluorescent  microscopy,  transmission  and  scanning  electron 
microscopy  are  employed.  Various  immunologic  techniques  have  also  been  utilized. 

25(U)  78  10-79  09  Light  and  electron  microscopical  studies  of  unculturable  gastric 
spurillae  in  clinically  normal  rhesus  monkeys  have  defined  their  incidence,  ultra- 
structural  features  and  host  cell  relationship.  Sequential  studies  of  the  mouse  lung 
model  of  Neisseria  gonorrhoeae  infection  have  characterized  the  host/bacteria  relation¬ 
ship  and  the  phagocytosis  and  destruction  of  the  bacteria  in  lymphocytes  and  macro¬ 
phages.  The  cellular  kinetics  of  experimental  intraperitoneally  induced  scrub  typhus 
infections  are  in  progress.  Studies  on  the  cellular  immune  system  of  the  gastrointest¬ 
inal  mucosa  and  its  associated  immune  system  have  been  initiated.  The  ultrastructural 
study  of  blood  forms  of  Trypanosoma  brucei  have  been  completed.  For  technical  report 
see  Walter  Reed  Army  Institute  of  Research  Annual  Progress  Report,  1  Oct  78  -  30  Sep  79. 
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Work  Unit  003  Histopathologic  Manifestations  of  Military 
Diseases  and  Injuries 


Investigators: 

Principal:  Akio  Takeuchi,  M.D. 

Associates:  Han  Y.  Cho,  Ph.D.,  Tatsuo  Hase,  M.D., 

SFC  Garnett  Henley,  M.S.,  Jeenan  Tseng,  Ph.D. 

Description 

To  define  histopathologic  manifestations  of  injuries  experi¬ 
mentally  produced  and  diseases  which  present  current  or  poten¬ 
tial  problems  in  military  personnel.  The  current  effort  is 
directed  toward  studies  of  diseases  of  the  digestive  tract  and 
immune  responses  due  to  infection.  These  studies  provide  a 
basis  for  a  comprehension  of  pathogenesis,  scientific  treat¬ 
ment,  and  determination  of  prognosis  in  diseases  and  injuries  in 
military  personnel.  A  multi-disciplinary  approach  including 
conventional  histology,  histo-  and  cytochemistry,  autoradiog¬ 
raphy,  radio-tracer  methods,  various  immunological  techniques, 
immunofluorescent  microscopy,  transmission  and  scanning  electron 
microscopy  is  employed. 

Problem  and  Progress 

This  work  unit  consists  of  studies  of  histologic  manifesta¬ 
tions  of  acute  diarrheal  diseases  of  infectious  origin  and  col¬ 
laborative  studies  of  experimental  gonococcal,  rickettsial  and 
trypanosomal  infections  with  other  departments  of  the  WRAIR. 
Recently  we  have  initiated  studies  on  the  immune  system  of  the 
digestive  tract. 

I.  Studies  on  Spirilla  in  the  Stomach  of  the  Rhesus  Monkey 

The  presence  of  spirilla  in  the  gastric  mucosa  has  long  been 
recognized  in  various  animal  species  including  monkey  and  man. 
Yet,  little  is  known  about  their  relationship  to  the  host  and 
their  presence  is  often  overlooked.  These  spirilla  have  never 
been  cultured  on  an  artificial  medium, and  therefore,  nothing  is 
known  about  their  physico-chemical  characteristics.  At  present, 
these  spiral-shaped  organisms  are  referred  to  as  gastric  spirilla 
(GS)  because  of  their  characteristic  shape  as  revealed  by  light 
microscopy. 
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Results 


We  have  found  spirilla  in  the  stomach  in  each  of  the  45 
monkeys  examined-  In  paraffin  sections  GS  are  best  demon¬ 
strated  by  silver  stains.  When  stained  by  hematoxylin-eosin 
(HE),  GS  may  be  mistaken  for  strands  of  mucus.  In  thick  sec¬ 
tions  of  Epon-embedded  tissue,  GS  are  recognized  as  "corkscrews" 
with  up  to  12  coils.  They  are  8  jam  long  and  0.7  pa  wide  and 
have  characteristic  bipolar  flagella.  They  are  concentrated  in 
the  gastric  glands  at  the  isthmus  and  are  less  frequent  at  the 
neck  and  base,  while  they  are  absent  in  the  gastric  lumen.  GS 
are  closely  associated  with  parietal  cells  and  are  capable  of 
penetrating  their  cytoplasm.  GS  elicit  neither  changes  of  host 
cyto-components  nor  an  inflammatory  response  in  the  gastric 
mucosa. 

II.  Experimental  Neisseria  gonorrhoeae  Infection 

Gonorrhea  is  one  of  the  most  common  venereal  diseases  in  both 
civilian  and  military  personnel.  Yet,  we  have  little  knowledge 
concerning  pathogenesis  and  immune  response  of  this  important 
sexually  transmitted  infection 

To  date,  numerous  Investigators  have  tried  to  produce  ex¬ 
perimental  gonococcal  infections  in  various  animals  by  different 
modes  of  infection  with  no  success.  Recently,  we  have  establish¬ 
ed  experimental  gonococcus  infection  in  adult  mice  and  guinea 
pigs  by  mtranasal  administration  of  freshly  cultured  Neisseria 
gonorrhoeae  obtained  from  human  patients. 

Results 


By  intranasal  challenge,  mice  were  infected  with  10^ 

Neisseria  gonorrhoeae  organisms  of  a  primary  isolation  culture 
of  colony  type  1  gonococci  (GC)  and  sacrificed  at  0,  3,  6,  12, 

24,  and  48  hr.  after  infection.  One-half  lung  was  examined 
histologically  and  the  other  half  for  GC  organisms.  2x10^  to 
2x10^  GC  were  recovered  from  mice  sacrificed  0,  3,  and  6  hr.  At 
12  hr  GC  were  detected  in  small  numbers  or  not  at  all  and  could 
not  be  cultured  thereafter. 

Histologically,  at  0  and  3  hr  GC  were  free  in  the  bronchial 
lumen,  attached  to  epithelial  surfaces  of  bronchi  and  to  alveolar 
septa.  Migration  of  leukocytes  (LC)  was  minimal  and  no  intracel¬ 
lular  GC  were  identified.  At  6  hr.  the  number  of  LC  was  markedly 
increased  while  that  of  macrophages  was  minimal.  Phagocytosed  GC 
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were  found  mainly  in  LC  which  filled  the  bronchial  lumen.  Ex¬ 
tracellular  GC  were  still  attached  to  alveolar  cells.  At  12  hr. 
the  number  of  GC  containing  LC  and  macrophages  were  further  in¬ 
creased,  however,  extracellular  GC  were  absent.  At  24  hr.  both 
LC  and  macrophages  were  present  in  bronchi  and  alveloli  but 
neither  showed  phagocytosed  GC.  At  48  hr.  cellular  infiltrates 
were  minimal  or  totally  absent. 

We  are  studying  on  the  interaction  between  GC  and  the  bron¬ 
chial  epithelial  cells,  LC  and  macrophages  by  transmission  and 
scanning  electron  microscopy. 

III.  Studies  on  Experimental  Scrub  Typhus  Infection 

Transmission  electron  microscope  studies  on  cells  of  the 
peritoneal  exudate  following  intraperitoneal  inoculation  of  mice 
with  the  La  (Leptotromidium  arenicola)  strain  of  scrub  typhus 
rickettsia  are  in  progress. 

IV.  Studies  on  Trypanosoma  brucei  Infections 

Utilizing  3 ,3'-diaminobenzidine,  a  cytocheriical  proton  donor, 
electron  microscope  observations  have  clarified  the  morphology 
of  the  kinetoplast-mitochondrial  network  in  Trypanosoma  brucei 
blood  forms. 

V.  Studies  on  the  Immune  System  of  the  Digestive  Trac^ 

With  a  newly  assigned  immunochemist ,  we  have  initiated  a 
fundamental  study  on  the  immune  system  of  the  gastrointesti  lal 
tract.  Currently  our  efforts  are  directed  toward  thi  character¬ 
ization  of  IgA  precursor  cells  which  are  responsible  '  >r  humoral 
immunity  in  the  intestine. 
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23(U)  Research  efforts  in  this  department  continue  to  be  directed  toward  Castrointest- 
inal  diseases  of  military  importance.  Focus  is  on  enteropathogenic  bacterial  diarrheal 
disease  including  pathogenic  E.Coli,  Salmonellosis  and  Shigellosis.  These  have  critical 
military  relevance  because  of  their  influence  on  troop  mobility.  Studies  are  also  per¬ 
formed  on  the  determinants  of  fibrosis  in  parasitic  liver  disease  (schistosomiasis). 

24(U)  Studies  of  bacterial  diarrhea  are  being  conducted  in  4  general  areas  1)  Intestinal 
cell  membranes  as  determinants  of  bacterial  colonization.  2)  Cellular  immune  response  to 
intestinal  infection.  3)  Pharmacologic  modification  of  effects  of  infections  on  intest¬ 
inal  transport  and  4)  motility.  Studies  utilized  in  vivo  intestinal  perfusions  of  rab¬ 
bits  and  rats,  rat  ileal  loop  models,  Ussing  chambers,  in  vivo  recording  of  intestinal 
myoelectric  activity  and  in  vitro  agglutination  of  intestinal  membrane  fractions. 
Isolation  and  functional  characterization  of  intestinal  lymphocytes  is  performed. 

2S(U)  78  10  -  79  09,  Cell  Membranes  -  the  optimum  conditions  for  bacterial  adherence 
have  been  defined  and  the  bacterial  surface  structures  mediating  adherence  have  been 
identified.  Immunology  -  intestinal  lymphocytes  are  isolated  from  animals  with  enteric 
infections  their  function  determined  and  a  suppressor  effect  on  these  lymphocytes 
documented.  Liver  Fibrosis  -  rate  limiting  steps  in  hepatic  fibrosis  and  their  pharma¬ 
cologic  modification  are  studied.  Transport  and  motility  -  mechanisms  by  which  methyl- 
prodnisone  and  other  drugs  increase  mucosal  water  and  electrolyte  absorntion  are  studied 
in  vitro.  The  effect  of  pressure  and  distention  on  intestinal  secretion  and  the  response 
of  intestinal  myoelectric  activity  to  enteric  infection  is  studied.  For  technical  re¬ 
port  see  Walter  Reed  Army  Institute  of  Research  Annual  Progress  Report,  1  Oct  78  -  30 
Sept  79.  932 
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Description 


The  research  activities  in  this  Departmenc  have  continued  to 
focus  on! 


I  Diarrheal  diseases  caused  by  the  toxigenic  and/or  invasive 
enteropathogenic  E.Coli,  Salmonella,  Shigella  and,  to  a  lesser 
extent,  Cholera.  Four  basic  sets  of  questions  are  being  asked 
about  the  pathogenesis  of  these  diseases. 


A.  Role  of  Mucosal  Adherence  in  Bacterial.  Colonization  of 
the  Intestine  -  How  do  disease  causing  bacteria  interact  with 
the  surface  of  the  gastrointestinal  tract?  What  characterist¬ 
ics  of  the  intestinal  surface  permit  disease  causing  bacteria 
to  adhere  to  and  colonize  the  small  intestine?  What  character¬ 
istics  of  the  bacterial  surface  enable  organisms  to  adhere  to 
and  colonize  the  mucosal  surface?  What  characteristics  of  the 
intestinal  surface  permit  specific  interactions  with  toxins 
produced  by  bacteria?  Can  specific  interactions  of  bacteria  or 
their  toxins  be  altered  by  orally  administered  agents? 


B.  Role  of  Host  Immune  Mechanisms  -  How  do  disease  causing 
bacteria  interact  with  the  normal  cellular  (lymphocyte, 
macrophage,  polymorphonuclear  leukocyte)  and  humoral  (antibody) 
immune  defense  mechanisms  in  the  intestine?  What  are  the  most 
effective  means  of  inducing  active  cellular  and  humoral 
immunity  to  enteric  infection  (i.e.,  how  can  an  effective 
vaccine  for  enteric  infection  be  produced?  What  factors 
(antibody,  complement)  enable  lymphocytes  to  kill  enteric 
bacteria  in  vitro?  Are  these  factors  of  equal  importance  in  an 
in  vivo  model  of  enteric  infection9 
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C.  Alterations  of  Intestinal  Transport  -  What  enzymatic  and 
hormonal  mechanisms  mediate  bacterial-induced  secretion  of 
water  and  electrolytes  by  the  intestine?  What  are  the  normal 
mechanisms  for  salt  and  water  absorption?  How  do  absorptive 
and  secretory  mechanisms  interact?  Do  they  share  any  pathways? 
Can  pharmacologic  agents  increase  salt  and  water  absorption  in 
the  face  of  infection  or  decrease  secretion  induced  by 
bacterial  toxins? 

D.  Alterations  in  Intestinal  Motility  -  What  are  the 
mechanisms  by  which  bacterial  toxins  change  small  bowel 
myoelectric  patterns?  Do  toxins  injected  into  the  bowel  lumen 
change  myoelectric  patterns  and  motility  in  the  same  fashion  as 
the  native  infection?  How  soon  after  clinical  disease  can 
antibiotics  reverse  abnormal  myoelectric  patterns  and  abnormal 
motility  in  the  intestine? 

II  Studies  on  liver  fibrosis  in  schistosomiasis,  which  is  the 
most  prevalent  form  of  serious  liver  disease  world-wide,  are 
being  continued.  Liver  fibrosis  is  that  process  that  deter¬ 
mines  reversibility  or  progression  to  chronic  illness  in  all 
liver  disease  and  the  key  biochemical  event  in  this  process  is 
the  deposition  of  collagen.  Studies  in  this  Department  have 
focused  on  collagen  metabolism  in  liver  tissue  from  two  animal 
models  of  schistosomiasis  as  well  as  from  patients  with  this 
disease. 

I  Bacterial  Diarrhea 

A.  Role  of  Mucosal  Adherence  in  Bacterial  Colonization  of 
the  Intestine. 

Two  assays  were  developed  to  quantitate  the  adherence  of  an 

E.coli  strain  (RDEC-1)  known  to  colonize  the  mucosal  surface  of 
the  small  intestine  of  rabbits  to  brush  borders  isolated  from 
rabbit  intestinal  epithelial  cells.  In  the  first  assay,  the 
mean  adherence  per  rabbit  brush  border  (RBB)  was  determined  by 
counting  the  number  of  organisms  adhering  to  each  of  40  brush 
borders  under  phase  microscopy.  The  mean  adherence  of  RDEC-1 
(11.5  +  0.7  per  RBB)  was  significantly  greater  than  adherence 
of  2  nonpathogenic  strains;  HS  (2.7  +  0.4  per  RBB)  and  640  (0.8 
+  0.1  per  RBB).  A  similar  distinction  between  the  adherence  of 
RDEC  and  the  control  (nonadherent)  organisms  could  be  made  more 
rapidly  by  determining  the  percentage  of  the  total  number  of 
brush  borders  which  had  10  or  more  adherent  organisms  and  this 
second  assay  was  used  to  define  the  optimum  conditions  for 
adherence.  Maximum  adherence  was  seen  within  15  minutes. 
Adherence  was  temperature  dependent  with  adherence  after  1 
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minute  at  37°G  being  4  fold  greater  than  that  at  4°C.  The  pH 
optimum  for  adherence  was  between  6.5  -  7.0  and  adherence  was 
abolished  below  pH  5.0.  Using  the  first,  more  sensitive  assay, 
the  effect  of  electrolytes,  and  a  number  of  hexose^  and 
hexosamines,  on  adherence  was  analyzed.  RDEC-i  adherence  was 
inhibited  at  high  ionic  strengths  however,  adherence  was  not 
influenced  at  moderately  high  concentrations  (20mg/ml)  by 
either  D-mannose  or  L-fucose,  in  contrast  to  the  case  for  other 
reported  enteric  pathogens.  These  two  quantitative  in  vitro 
assaays  for  adherence  produce  consistent  results  and  have  been 
used  to  partially  characterize  the  adherence  of  RDEC-i  to  RBB. 

(ID 

Pili  have  been  implicated  as  the  factors  involved  in  adherence 
of  bacteria  to  mucosal  surfaces.  To  determine  whether  pili  are 
the  structures  responsible  for  adherence  of  an  enteropathogenic 
E.coli ,  RDEC,  to  rabbit  intestinal  brush  border  membranes 
(RBB),  we  transferred  the  adherence  properties  to  another 
organism  or  suppressed  their  phenotypic  expression  and  looked 
for  the  presence  of  pili.  Genetic  transfer  of  RDEC  adherence 
porperties  to  a  non-piliated  (P-),  nonadherent  (A-)  Shigella 
strain  was  accomplished.  The  resulting  adherent  (A+)  Shigella 
strain  was  demonstrated  to  be  piliated  (P+)  by  electron 
microscopy  (EM).  In  other  studies,  the  phenotypic  expression 
of  adherence  was  suppressed  by  growth  of  RDEC  in  Brain  Heart 
Infusion  medium.  The  phenotypical ly  A-  organisms  were  shown  to 
be  P-  by  EM.SDS  acrylamide  gel  electrophoresis  of  whole 
organisms  revealed  that  P+A+  organisms  contained  two  proteins 
(MW  44,000  and  42,00)  not  expressed  on  P-A-  organisms. 
Hydrophobic  interaction  chromatography  showed  adsorption  to 
phenyl  sepharose  of  90%  of  P+A+  organisms  and  of  only  13%  of 
P-A-  phenotypes.  These  studies  demonstrate  that  the  expression 
of  RDEC  pili  correlates  with  adherence  of  these  organisms  to 
RBB  and  suggests  a  hydrophobic  interaction  may  be  involved  in 
the  adherence  of  structures  with  44,000-42,000  MW  subunits  to 
the  mucosa.  (1,12) 

Adherence  of  bacteria  to  the  intestinal  epitheilum  can  be 
mediated  by  lectin-like  interactions  with  cell  surface  sacchar¬ 
ides.  However,  other  mechanisms,  including  hydrophobic  inter¬ 
actions  with  the  cell  membrane,  may  be  involved.  We  studied 
the  hydrophobic  surface  properties  of  related  adherent  and 
nonadherent  organisms  using  hydrophobic  interaction  chromato¬ 
graphy.  We  compared  the  retention  of  these  organisms  on  a 
column  of  phenyl-substituted  sepharose  with  their  adherence  to 
rabbit  BBM  and  with  the  presence  of  surface  pili  as  seen  by 
electron  microscopy  (EM).  The  organisms  tested  were:  RDEC,  a 
mannose  resistant  adherent  E.coli  producing  diarrhea  in  rabbits 


935 


with  ileal  colonization;  D-l-5,  an  adherent  product  of  the 
mating  of  RDEC  and  a  shigella;  D-l-2,  a  nonadherent  product  of 
the  same  mating;  and  640,  a  nonadherent  E.coli  from  normal 
rabbits.  RDEC  and  D-l-5  were  also  tested  after  the  phenotypic 
expression  of  adherence  had  been  suppressed  by  growth  in 
Brain-Heart  Infusion  (BHI)  medium.  Degree  of  ^ydrophobic 
interaction  was  expressed  as  the  %  retention  of  10  organisms 
on  a  0.8ml  column  of  phenyl-sepharose  at  pH  7.  Results  are 
tabulated: 


Organism 

Growth 

Adherence 

Pili  % 

,  Rentention  on  Phenyl 

Medium 

to  BBM 

(EM) 

Sepharose  (+/-  SE) 

RDEC 

Std. 

+ 

+ 

87.6  (+/-  1.2) 

D-l-5 

Std. 

+ 

+ 

89.5  (+/-  10.6) 

RDEC 

BHI 

- 

- 

4.3  (+/-  4.3) 

D-l-5 

BHI 

- 

- 

15.0  (+/-  1.7) 

D-l-2 

Std. 

- 

- 

26.6  (+/-  14.9) 

640 

Std. 

- 

+ 

35.2  (+/-  3.5) 

In  summary 

1)  the 

adherent 

pathogen 

RDEC  has  hydrophobic 

surface  properties  and  pili  2)  transfer  of  RDEC  adherence 
factors  to  D-l-5  correlates  with  transfer  of  hydrophobic 
properties  and  pili  3)  suppression  of  adherence  in  RDEC  and 
D-l-5  results  in  loss  of  both  hydrophobicity  and  pili  4) 
nonadherent  640  is  mildly  hydrophobic  but  has  pili  distinct 
from  those  of  RDEC.  We  conclude  that  adherence  of  RDEC  to 
rabbit  BBM  correlates  with  hydrophobic  surface  properties  which 
may  be  conferred  by  the  presence  of  specific  pili.  (2,13) 

A  major  determinant  of  the  pathogenicity  of  Escherichia  coli 
(E.coli)  is  the  ability  to  colonize  the  mucosal  surfaces  of  the 
host  bowel.  Recently,  an  enteropathogenic  E.coli  (RDEC) 
isolated  from  young  rabbits  with  diarrhea  has  been  demonstrated 
to  adhere  to  and  agglutinate  brush  borders  (BB)  from  normal 
rabbit  ileal  epithelial  cells.  To  determined  whether  this  in 
vitro  adherence  correlated  with  iri  vivo  infectivity,  we 
quantitated  RDEC  adherence  to  brush  borders  from  rabbits,  rats 
and  guinea  pigs,  then  compared  these  results  with  the  ability 
of  RDEC  to  colonize  and  elicit  disease  in  these  animals.  In 
the  first  study,  specificity  of  in  vitro  RDEC  adherence  to  BB 
isolated  from  ileal  epithelial  c,ells  of  rats,  guinea  pigs  anc| 
rabbits  was  examined.  BB  (10  )  were  incubated  with  10 
organisms  for  15  min  at  23  u,  examined  under  phase  microscopy 
and  adherence  was  reported  as  the  number  of  adherent  RDEC  per 
BB.  Adherence  of  RDEC  to  rabbit  BB  (11.5  +  1.2  RDEC/BB)  was 
significantly  greater  (P  .001)  than  the  adherence  of  RDEC  to 
rat  or  guinea  pig  BBs,  0.9  +  0.4  and  0.05  +  0.01.  In  the 
second  study,  rats  guinea  pigs  and  rabbits  were  orally 
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inoculated  with  either  RDEC  or  sterile  culture  broth.  Animals 
were  examined  daily  and  sacrificed  at  the  onset  of  diarrhea  or 
after  10  days.  One  cm  segments  of  jejunum,  ileum  and  caecum 
were  aseptically  removed  and  E.coli  colony  forming  units 
(CFU)/g  tissue  determined.  Representative  E.coli  colonies  were 
serotyped  to  document  the  presence  of  RDEC.  All  RDEC  inoculat¬ 
ed  rabbits  developed  diarrhea  and  displayed  heav^  colonization 
in  the  ileum  and  caecum  with  a  mean  of  4.3X10°  and  1.7X1CT 
CFU/g  tissue.  In  contrast,  RDEC  inoculated  rats  and  guinea 
pigs  failed  to  develop  diarrhea  and  RDEC  failed  to  colonize  any 
segment  of  bowel  in  either  of  these  animals.  In  summary,  1)  in 
vitro  RDEC  adherence  to  isolated  BB  correlates  with  in  vivo 
colonization  and  infectivity  2)  these  properties  are  species 
specific  and  3)  presence  of  specific  host  receptors  for 
bacteria  appears  to  be  a  determinant  of  species  susceptibility 
to  enteric  colonization  and  infectivity.  (3,14) 

B.  Role  of  Host  Immune  Mechanisms. 


Interaction  between  gut  associated  lymphoid  tissue 
(GALT)  and  systemic  lymphocytes  may  be  important  in  the  local 
regulation  of  the  intensity  of  the  host  immune  response  to 
foreign  antigens.  jTe  investigated  the  ability  of  the  rabbit 
ileal  lamina  propria  (LP)  mononuclear  cells  (lymphocytes  and 
macrophages)  isolated  by  collagenase  digestion  to  influence  t^e 
autologous  splenic  lymphocyte  response  to  PHA.  Thymidine  H 
uptake  by  3x10°  splenic  lymphocytes  in  replicate  microcultures 
was  inhibited  approximately  25,  50  and  75%  by  the  addition  of 
0.3,  0.75  and  1.5  x  10°  LP  cells  respectively  in  repetitive 
experiments.  The  suppression  cannot  be  attributed  to  PHA 
binding  by  the  LP  cells  since  experiments  which  maintained  the 
total  cell  population  constant  (by  reducing  the  splenic  cells 
5,  10  and  25%  and  adding  back  equal  numbers  of  LP  cells)  also 
produced  inhibition  at  15,  20  and  90%  respectively  in 
repetitive  experiments.  The  suppression  is  blocked  50-100%  by 
irradiating  the  LP  cells  with  the  macrophage  sparing  dose  of 
6,000  F.  This  suggests  that  the  suppression  is  an  effect  of  the 
LP  lymphocytes.  The  above  experiments  were  performed  in  normal 
adult  New  Zealand  white  rabbits.  A  similar  suppression  was 
seen  using  LP  cells  isolated  from  animals  which  had  been  hper- 
immunized  with  foreign  proteins  via  a  chronic  ileal  (Thiry-Vel- 
la)  loop.  However,  suppression  of  splenic  lymphocytes  was  not 
seen  using  LP  cells  isolated  from  germ  deprived  animals  which 
had  been  reassociated  with  a  defined,  but  limited,  enteric 
flora.  These  latter  observations  suggest  a  relationship  of  the 
suppressor  effect  to  the  degree  of  intestinal  immunization. 
Suppression  was  not  seen  if  Peyer's  patch  or  mesenteric  lymph 
node  cells  replaced  the  LP  cells.  These  data  demonstrate 
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suppression  of  the  splenic  lymphocyte  PHA  response  by  the  LP 
mononuclear  cells  and  suggest  that  the  LP  cells  might  prevent 
the  systemic  T  lymphocytes  from  participating  in  an  immune 
mediated  inflammatory  response  in  the  intestine  of  the  normal 
rabbit.  (15,16) 

The  functional  capacity  of  intestinal  lymphocytes  from  patients 
with  inflammatory  bowel  disease  (IBD)  was  examined.  Cytotoxic 
lymphocytes  may  mediate  (IBD)  but  have  not  been  demonstrated  in 
normal  or  IBD  intestinal  mucosa.  Therefore  we  have  examined 
human  intestinal  mucosa  for  the  presence  of  cytotoxic  lympho¬ 
cytes.  Using  a  sequential  dithiothreitol-EDTA-collagenase 
technique,  we  examined  lymphocytes  obtained  from  mucosa  of  18 
normal  (uninvolved  tissue  from  colon  cancer  patients)  human 
colons  and  14  colons  involved  with  IBD,  all  obtained  at 
surgery.  Antibody  dependent  cellular  cytotoxicity  (ADCC)  spon¬ 
taneous  cell  mediated  cellular  cytotoxicity  (SCMC)  and  lectin — 
induced  cellular  cytotoxicity  (LICC)  were  examined.  The 
percentage  of  specimens  with  cytotoxic  cells  was  as  follows: 


Assay 

Targets 

Normal 

IBD 

ADCC 

Chick  RBC 

Unsep 

83% 

rooDepl 

83% 

Unsep 

100% 

moDepl 

100% 

Chang  Line 

20% 

20% 

30% 

33% 

SCMC 

K562  Line 

38% 

33% 

17% 

0% 

Chang  Line 

31% 

20% 

25% 

0% 

LICC 

Human  RBC 

81% 

100% 

91% 

67% 

ADCC  and  LICC  activity  persisted  but  SCMC  decreased  following 
G-10  macrophage  depletion.  No  striking  difference  in  cytotoxic 
capability  was  noted  between  normal  and  IBD  intestinal  cells. 
Surface  characteristics  revealed  35.5  +  5.2  (mean  +  S.E.M.)  E 
rosetting,  6.6  +  1.6  EA  rosetting,  13.8  +  2.8  SIg  positive,  and 
10.8+  1.6  esterase  positive  cells.  No  difference  is  surface 
characteristics  between  unseparated  IBD  and  normal  intestinal 
mucosal  mononuclear  cells  was  noted.  These  experiments  demon¬ 
strate:  1)  Fc-receptor  bearing  lymphocytes  as  well  as  T  and  B 
cells  and  macrophages  are  present  in  normal  and  IBD  human 
intestinal  mucosa.  2)  Lymphocytes  from  both  normal  and  IBD 
human  intestinal  mucosa  mediate  ADCC  and  LICC  with  red  cells  as 
targets.  3)  Intestinal  mononuclear  cells  occasionally  mediated 
ADCC  and  SCMC  with  cell  lines  as  targets.  4)  No  major 
difference  in  cytotoxic  capabilities  or  surface  characteristics 


between  normal 
observed.  (17) 

and  IBD 

intestinal  lymphocytes 

has 

been 

The  following 

study  on 

antibacterial  activity 

of 

human 

peripheral  blood  mononuclear  cells  was  performed  in  collaborat- 
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ion  with  DCD&I.  In  cooperation  with  human  heat-inactivated 
antisera  from  adults  immunized  with  group  C  meningococcal 
polysaccharide,  normal  human  peripheral  blood  mononuclear  cells 
significantly  decreased  the  viability  of  group  C  meningococci 
(Mgc)  in  vitro.  K  lymphocytes  (Null  cells)  and  monocytes,  (but 
not  T  or  B  lymphocytes)  were  capable  of  effecting  antibody-de- 
pendent  cell-mediated  (ADC)  antibacterial  activity  in  this 
system.  The  degree  to  which  meningococcal  viability  was 
decreased  was  function  of  the  length  of  the  test  incubation, 
the  concentration  of  effector  cells,  and  the  amount  of 
antiserum  used  in  the  assay.  When  specific  antibodies  directed 
against  Mgc  were  adsorbed  from  the  antiserum,  cell-mediated 
antibacterial  activity  was  abolished.  ADC  antibacterial  activ¬ 
ity  was  also  abrogated  by  performing  the  assay  at  4  C  or  by 
heating  effector  cels  to  46UC  for  15  min  before  the  assay.  A 
clinical  study  of  cellular  immune  function  of  patients  taking 
the  receptor  antagonist  cimetidine  was  performed.  The  data 
suggest  '•hat  K  cells  (as  well  as  monocytes)  may  play  a  role  in 
host  immune  defense  against  pathogenic  bacteria.  (18) 

It  has  been  proposed  that  cimetidine  may  adversely  affect 
cellular  immune  function  in  patients  being  treated  for  duodenal 
ulcer  disease.  We  therefore  studied  nine  patients  with  duodenal 
ulcer  disease  immediately  prior  to,  after  2-3  weeks  and  after 
6-8  weeks  of  cimetidine  treatment.  There  were  thirteen  normal 
controls  not  taking  cimetidine.  Whole  blood  cimetidine  and 
serum  immunoglobulin  levels  (IgG,  IgA,  and  IgM)  were  deter¬ 
mined.  Peripheral  blood  lymphocytes  obtained  by  ficoll  hypaque 
separation  were  analyzed  as  to  their  surface  characteristics, 
cytotoxic  capabilities,  and  responsiveness  to  mitogens.  Cyto¬ 
toxic  and  mitogenic  assays  were  performed  in  paired  media,  one 
containing  the  subjects's  own  serum  drawn  simultaneously  with 
the  cells  and  the  other  containing  fetal  calf  serum. 
Therapeutic  blood  levels  of  cimetidine  were  present  in  all 
patients  at  the  time  of  assays.  Total  white  blood  cell  and 
mononuclear  cell  counts  did  not  change  in  the  interval  studied. 
Although  patient's  granulocyte  counts,  which  were  moderately 
elevated  before  cimetidine  therapy,  fell  to  within  the  normal 
range  by  6-8  weeks  of  therapy,  no  patient  became  granulocyto¬ 
penic.  Surface  characteristics  (percent  cells  esterase  posi¬ 
tive;  surface  immunoglobulin  positive;  E  rosette;  EA  rosette; 
and  EAC  rosette  forming)  did  not  change  during  the  treatment 
period.  The  ability  of  peripheral  blood  cells  to  mediate 
spontaneous  cell  mediated  cytotoxicity  of  K-562  cells  was 
markedly  impaired  in  duodenal  ulcer  patients  prior  to  treatment 
and  returned  to  normal  after  2-3  weeks  of  treatment.  The 
capacity  of  patient's  peripheral  blood  cells  to  mediate 
antibody  dependent  cellular  cytotoxicity  to  either  chick  RBC  or 
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K-562  cell  line  cells,  or  lectin  induced  cellular  cytotoxicity 
to  human  RBC  was  not  altered  by  cimetidine  during  the  course  of 
therapy.  Likewise,  mitogenic  responsiveness  to  PHA,  Con  A,  and 
PWM  remained  unchanged  in  patients  while  treatment  with 
cimetidine  was  being  given.  Furthermore,  there  was  no  differ¬ 
ence  in  any  of  the  results  between  assay  run  in  patients  own 
serum  from  that  day  in  comparison  to  fetal  calf  serum. 
Finally,  serum  immunoglobulin  levels  did  not  change  during 
cimetidine  treatment.  We  conclude  that  cimetidine  therapy  in 
vivo  for  up  to  eight  weeks  induces  no  marked  enchancement  or 
alteration  of  general  cellular  immune  function.  (19) 

The  cellular  immune  status  of  patients  with  Whipple's  disease, 
a  chronic  intracellular  infection  of  the  gastrointestinal  tract 
with  "bacillary  bodies"  was  investigated.  No  consistent 
functional  immunologic  defect  has  been  found  in  our  studies  of 
the  mitogenic  responses  and  cytotoxic  abilities  of  peripheral 
blood  lymphocytes  from  three  patients  with  Whipple's  disease. 
One  patient  was  studied  both  during  active  disease  and  after 
therapy,  whereas  the  other  two  were  studied  only  after  therapy. 
All  three  patients  had  a  decreased  percentage  of  peripheral 
blood  T  lymphocytes;  however,  their  mitogenic  responses  to 
phytohemagglutinin,  concanavalin  A  and  pokeweed  mitogen  were 
usually  as  vigorous  as  those  of  concurrently  examined  normal 
subjects.  In  addition,  all  three  patients  were  able  to  produce 
cutaneous  hypersensitivity  responses.  Likewise,  cells  from 
these  patients  usually  produced  antibody-dependent  cell-mediat¬ 
ed  cytotoxicity  at  control  levels,  but  spontaneous  cell-med¬ 
iated  cytotoxicity  was  decreased  in  two  convalescent  patients. 
No  serum  inhibitor  could  be  demonstrated  in  those  instances 
where  patient  mitogenic  or  cytotoxic  responses  were  lower  than 
those  of  controls.  The  present  study  indicates  that  if  an 
immunologic  defect  exists  in  patients  with  Whipple's  disease, 
its  expression  is  not  as  broad  or  clearly  delineated  as  earlier 
studies  have  suggested.  More  detailed  longitudinal  studies  of 
immunologic  functions  in  patients  with  Whipple's  disease  may 
help  to  clarify  the  nature  of  immunologic  responses  in  these 
individuals.  (20) 

C.  Alterations  of  Intestinal  Transport. 

The  normal  mechanisms  of  electrolyte  transport  in  the 
rat  ileum  were  defined.  The  short-circuit  current  (Isc), 
potential  difference  (PD),  tissue  conductance  (Gt),  and  Na  and 
Cl  fluxes  in  the  short-circuit  state  across  rat  ileum  were 
studied  in  Ussing  chambers  using  a  variety  of  bathing 
solutions.  In  Ringer's  solution,  Isc  exceeded  net  Na  absorp¬ 
tion  and  net  Cl  secretion  occurred.  Addition  of  10  mM  glucose 


940 


were  present  in  the  rat  colon  6  or  72  hours  after 
methylprednisolone  treatment.  The  increase  in  ileal  guanylate 
cyclase  activity  and  cGMP  concentration  coincided  with  increas¬ 
es  in  ileal  short  circuit  current  (Isc),  potential  difference 
(PD),  net  Cl  secretion,  and  serosal  to  mucosal  unidirectional 
Cl  flux.  In  contrast,  in  the  colon,  where  no  changes  in 
gunaylate  cyclase  activity  were  observed,  methylprednisolone 
did  not  alter  electrolyte  transport  in  vitro.  The  methyl- 
prednisolone-induced  increase  in  ileal  gunaylate  cyclase 
activity  was  not  prevented  by  pretreatment  with  the  mineral- 
ocorticoid  competitive  inhibitor  spironolactone.  In  addition, 
the  mineralocorticoid  deoxycorticosterone  acetate  (0. 15mg/100g) 
did  not  affect  ileal  or  colonic  mucosal  gunaylate  cyclase 
activity.  These  results  suggest  that  the  changes  in  chloride 
transport  which  occurred  in  the  small  intestine  6  hours  after 
methylprednisolone  administration  may  be  due  to  alterations  in 
guanylate  cyclase  activity,  and  further  support  the  role  of- 
cGMP  as  an  intracellular  mediator  of  ileal  chloride  secretion. 
(22) 

The  mechanism  of  action  of  the  intestinal  secretogogue 
serotonin  (5HT)  was  investigated  in  the  following  studies:  The 
current  evaluation  of  the  mechanism  by  which  serotonin  induces 
ileal  secretion  in  vivo  has  revealed  that  serotonin  effects 
active  Na  and  Cl  transport,  specifically  decreasing  neutral 
NaCl  absorption.  Previously  many  studies  have  demonstrated 
that  serotonin  increases  ileal  motor  function.  Of  interest  is 
that  the  serotonin  effect  on  active  electro’yte  transport 
occurred  only  from  the  serosal  surface  and  was  dependent  on  the 
presence  of  serotonin  either  on  the  serosal  surface  or  in  the 
blood.  This  is  different  than  the  previously  described  effect 
of  serotonin  on  intestinal  motor  function,  which  occurred 
preferentially  from  the  mucosal  surface.  In  addition,  sero¬ 
tonin  did  not  appear  to  effect  intestinal  electrolyte  transport 
through  a)  interaction  with  the  adenylate  cyclase-cAMP  system; 
b)  alteration  of  ileal  Na-K-ATPase  activity;  c)  alteration  of 
glucose  or  amino  acid  absorption  or  glucose-dependent  water  and 
Na  absorption;  d)  changes  in  ileal  surface  area;  e)  alteration 
of  the  ileal  intercellular  space  and  probably  of  serosal 
hydrostatic  pressure;  f)  alteration  of  ileal  blood  flow;  or  g) 
changes  in  ileal  premeability.(23) 

We  previously  have  demonstrated  that  5HT  causes  water  and 
electrolyte  secretion  in  rabbit  ileum  in  vivo.  These  studies 
were  performed  to  determine  the  mechanism  of  that  secretion. 
The  effect  of  5HT  on  active  electrolyte  transport  was 
determined  in  vitro  on  a  stripped  preparation  of  histologically 
normal  rabbit  ileum  in  the  Ussing  chamber  studied  under 
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increased  Isc,  PD,  Gt,  and  net  Na  absorption  which  accounts  for 
70%  of  the  increased  in  Isc.  Removal  of  HCO^  from  Ringer's 
solution  did  not  alter  any  parameters  but  increased  net  Cl 
secretion  due  to  a  decrease  in  mucosal-to-serosal  Cl  flux. 
Reduction  of  507.  of  the  [Cl]  in  HCO^-free  solution  decreased 
the  net  Cl  secretion  to  the  level  in  Ringer's  solution  and 
increased  net  Na  absorption.  Removal  of  Cl  decreased  Isc  to  the 
value  of  net  Na  absorption  and  decreased  the  Na  influx  across 
the  mucosal  membrane  by  39%.  Isc  and  PD  were  near  zero  and  net 
Cl  absorption  was  observed  in  a  Na-free  solution.  These 
results  are  consistent  with  the  transport  mechanism  that 
consists  of  1)  an  electrogenic  Na  absorptive  process  that 
accounts  for  the  Isc,  2)  a  neutral  NaCl  coupled  secretory 
process,  and  3)  a  system  by  which  HCCL  secretion  exhanges  for 
Cl  absorption. (21) 

The  mechanisms  whereby  methylprednisolone  exerts  its  effect  on 
electrolyte  transport  in  rat  ileum  were  investigated  in  the 
following  studies.  Administration  of  the  glucocorticoid 
methylprednisolone,  3  mg/100  g  of  body  weight  for  three  days, 
in  intact  rats  increased  intestinal  mucosal  guanylate  cyclase 
and  Na-K-ATPase  activities,  short-circuit  current  (Isc), 
electrical  potential  difference  (PD),  net  Na  absorption  and  net 
Cl  secretion  and  reversed  HC0„  transport  from  secretion  to 
absorption  in  isolated  ileum.  At  6  hr  after  a  single  dose  of 
methylprednisolone,  stimulation  of  guanylate  cyclase  activity 
was  already  maximal  whereas  Na-K-ATPase  activity  was  not 
altered.  The  associated  changes  in  intestinal  transport 
properties  with  the  increased  guanylate  cyclase  activity  were 
an  increase  in  Isc  and  PD  and  a  reversal  of  net  Cl  absorption 
to  net  Cl  secretion.  These  results  suggest  that  an  initial 
response  to  methylprednisolone  administration  is  a  persistent 
increase  in  intestinal  guanylate  cyclase  activity  that  mediates 
an  increase  in  Isc  and  Cl  secretion,  then  followed  by  a 
superimposed  effect  of  increased  Na-K-ATPase  activity  that 
mediates  an  increase  in  net  Na  absorption.  A  third  effect  of 
methylprednisolone  may  be  the  reversal  of  net  HCO^  transport 
and  its  mechanism  is  not  known. (4) 

A  single  intramuscular  (IM)  dose  of  the  glucocorticoid 
methylprednisolone  (3mg/100g)  significantly  increased  rat  jeju¬ 
nal  and  ileal  mucosal  guanylate  cyclase  (GTP  pyrophosphatelyase 
(cyclizing);  EC  4. 6. 1.2)  activity  and  cyclic  GMP  (cGMP) 
concentration  6  hours  after  injection,  was  not  associated  with 
changes  in  mucosal  cyclic  AMP  concentration,  and  occurred 
before  any  increase  in  Na-K-activated  adenosine  triphosphatase 
activity  could  be  detected.  In  contrast  to  the  findings  in  the 
small  intestine,  no  alterations  in  guanylate  cyclase  activity 
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short-circuited  conditions.  5HT  exposure  to  rabbit  ileum 
caused  two  effects:  1)  a  transient  increase  in  short-circuit 
current  (Isc)  and  2)  neutral  NaCl  secretion.  The  5HT-induced 
increase  in  Isc  began  withing  30  seconds  of  5HT  addition; 
peaked  and  returned  to  baseline  within  2  minutes;  occurred 
following  serosal  but  not  mucosal  addition  _of  5HT;  was  dose 
dependent  ^with  the  threshold  effect  at  2.6x10  m,  maximal.effect 
at  2.6x10  M  and  half  maximal  effect  at  approximately  1CTM;  did 
not  affect  the  glucose-dependent  or  theophylline-dependent  Isc 
response.  The  5HT-induced  change  in  Na  and  Cl  transport 
consisted  of  decreased  mucosal  to  serosal  and  increased  serosal 
to  mucosal  fluxes  with  production  of  0  net  Na  movement  and  net 
Cl  secretion;  the  effect  on  net  Na  and  Cl  transport  was  equal 
with  no  change  in  residual  ion  flux,  tissue  conductance  or  Isc 
during  the  period  of  flux  determinations.  Serosal  5HT  altered 
net  Na  and  Cl  fluxes  but  mucosal  5HT  was  without  effect.  The 
5HT-induced  effect  on  Na  and  Cl  fluxes  was  dose  dependent  with 
the  same  threshold,  maximal  and  half  maximal  concentrations  as 
the  Isc.  The  5HT  effects  could  be  completely  and  immediately 
reversed  by  removing  the  serosal  5HT.  To  determine  whether 
these  effects  of  5HT  were  calcium  (Ca)  dependent,  Ca  was 
removed  from  the  serosal  surface.  Removal  of  serosal  Ca  totally 
prevented  the  effect  of  5HT  on  both  Isc  and  on  net  Na  and  Cl 
fluxes  and  could  be  reversed  by  readdition  of  Ca.  These 
findings  suggest  that  5HT  causes  active  ileal  secretion  of  Na 
and  Cl  which  is  a)  neutral;  b)  reversible;  c)  dose  dependent: 
and  d)  dependent  on  serosal  Ca.  The  fact  that  such  a  low 
concentration  of  5HT  alters  electrolyte  transport  suggests  that 
5HT  might  be  a  physiologic  regulator  of  ileal  electrolyte 
transport. (24) 

Serotonin  was  shown  to  inhibit  active  neutral  NaCl  absorption 
by  studying  active  electrolyte  transport  in  epithelial  sheets 
of  rabbit  ileum,  gallbladder  and  colon  under  short-circuited 
conditions.  Serotonin  added  to  the  serosal  surfacr  of  rabbit 
ileum  caused  a  dose-dependent,  equal  effect  on  net  Na  and  Cl 
fluxes  which  consisted  primarily  of  inhibition  of  mucosal-to — 
serosal  fluxes.  A  threshol^  effect  occurred  at  a  serotonin 
concentration  of  2.6  x  10  °M;  maximal  effect  at  2.6  x  10  M; 
and  the  concentration  for  the  half-maximal  effect  on^  net  Na 
flux  was  2.4  x  10  M  and  for  net  Cl  flux  was  4.0  x  10  M.  The 
serotonin  effect  was  not  associated  with  alterations  of  the 
short-circuit  current  during  the  period  of  electrolyte  flux 
determinations  and  was  not  associated  with  any  changes  in 
residual  ion  flux.  Consistent  with  this  inhibition  of  neutral 
NaCl  absorption  demonstrated  in  rabbit  ileum,  serotonin  induced 
equal  inhibition  of  net  Na  and  Cl  absorption  in  rabbit 
gallbladder  but  had  no  effect  on  rabbit  colon.  Serotonin  did 


943 


not  alter  all  aspects  of  ileal  absorptive  function  since 
serotonin  did  not  alter  glucose-dependent  Na  absorption.  The 
serotonin  effect  was  dependent  c^n  an  intact  Na-K-ATPase  since 
prefeatment  -with  ouabain  (10  M)  prevented  any  subsequent 
effect  of  serotonin  on  electrolyte  transport.  In  addition, 
cAMP  and  serotonin  both  altered  the  neutral  NaCl  absorptive 
process  since  following  stimulation  of  ileal  secretion  with  a 
maximum  concentration  of  theophylline,  addition  of  serotonin 
did  not  cause  any  further  effect,  but  when  rabbit  ileum  was 
exposed  first  to  a  maximum  concentration  of  serotonin  and  then 
exposed  to  theophylline,  theophylline  caused  additional  elec- 
rogenic  Cl  secretion. (5) 

The  mechanism  of  action  for  Shigella  Toxin  (ST)  mediated 
intestinal  secretion  had  not  been  clearly  defined.  Rabbit 
ileal  loops  were  incubated  4  hrs  with  either  a  control  solution 
or  a  dose  of  ST  standardized  by  HeLa  cell  assay.  The  loop  was 
excised,  the  muscularis  mucosae  removed  and  the  tissue  mounted 
in  Ussing  chambers,  The  short-circuit  current  (Isc),  potential 
difference  (Pd)  and  conductance  (G)  were  monitored.  The 
mucosal  (m)-to-serosal  (s)  and  s-to-m  fluxes  for  Na  and  Cl  were 
determined  using  isotopes  and  the  net  and  residual  ion  (J  ) 
fluxes  calculated.  One  set  of  experiments  used  a  bathing 
solution  of  Ringers-HCO,  and  another  used  a  Cl-free  solution. 
The  effect  of  ST  in  Ringers  was  to  produce  a  net  secretion  of 
Na  and  Cl.  This  was  solely  the  result  of  an  increase  in  their 
s-to-m  fluxes.  The  magnitudes  of  the  changes  in  the  Na  and  Cl 
net  fluxes  were  equal,  as  were  the  increases  in  their  s-to-m 
fluxes.  There  was  no  change  in  m-to-s  flux,  I  ,  Pd,  G  or  J  . 
The  secretory  effect  of  ST  was  abolished  bin  the  Cl-free 
solution,  there  being  no  changes  in  any  of  the  parameters  as 
compared  with  the  Cl-free  controls.  These  results  are  most 
consistent  with  the  stimulation  of  a  neutral,  coupled  Na-Cl 
secretory  system.  Therefore  it  appears  that  ST  has  a  distinct 
mechanism  of  action  as  comparedd  with  theophylline,  cyclic-AMP, 
Cholera  toxin,  etc. (9) 

Patients  with  intestinal  obstruction  can  have  intraluminal 
accumulation  of  fluid  and  increased  intraluminal  hydrostatic 
pressure  (IHP),  however  available  information  on  the  direct 
effect  of  IHP  on  intestinal  water  and  electrolyte  transport  in 
vivo  remains  incomplete.  In  this  study  jejunal,  ileal,  or 
colonic  IHP  was  acutely  increased  in  vivo  in  male  New  Zealand 
white  rabbits,  and  the  effect  was  determined  on  water  and 
electrolyte  transport  in  the  test  segment  and  ^jacent  control 
segment  using  an  in  vivo  perfusion  system  with  o-polyethylene 
glycol  as  a  nonabsorbable  water  marker.  Test  segment  IHP  was 
increased  by  raising  the  efflux  catheter  10  to  70  cm  above  the 
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abdominal  surface,  while  control  segment  IHP  was  held  constant 
at  0  cm  water.  Acutely  increased  IHP  in  the  jejunum  and  ileum 
caused  a  quantitatively  similar  pressure  dependent  decrease  in 
net  water  and  electrolyte  absorption  in  test  segments,  but  no 
significant  change  in  control  segment  transport.  Increased  IHP 
did  not  significantly  alter  colon  transport.  Since  basal 
absorption  in  the  jejunum  exceeded  that  in  the  ileum,  the 
IHP-induced  loss  of  absorption  produced  net  secretion  only  in 
the  ileum.  This  secretory  process  was  linearly  dependent  on 
lumen  pressure,  isotonic,  and  at  low  IHP,  reversible.  High  IHP 
was  associated  with  tissue  hemorrhage,  epithelial  sloughing  and 
poor  reversibility  of  transport  changes.  IHP-induced  secretion 
was  not  dependent  on  significant  systemic  effects  of  luminal 
distention,  or  at  low  IHP,  loss  of  epithelial  integrity. 
Intraluminal  accumulation  of  fluid  seen  in  intestinal  obstruct¬ 
ion  may  be  related  to  the  secretion  induced  by  increased 
IHP. (6,26) 

Acutely  increased  intraluminal  hydrostatic  pressure  (IHP)  up  to 
70  cm  water  in  rabbits  is  associated  with  locally  produced 
secretion  of  water  and  electrolytes  in  the  ileum,  decreased 
absorption  in  the  jejunum,  and  no  transport  changes  in  the 
colon.  The  mechanism  of  these  phenomena  was  investigated  by 
studying  active  and  passive  transport  processes. 

The  effect  of  acutely  increased  IHP  on  variables  associated 
with  active  intestinal  transport  was  studied  in  the  ileum.  It 
was  found  that  acutely  increased  IHP  did  not  significantly 
alter  specific  mucosal  adenylate  cyclase  or  Na-K-ATPase 
activities,  did  not  alter  mucosal  active  ion  transport  (as 
evidenced  by  in  vitro  short  circuit,  current),  and  did  not 
prevent  the  in  vivo  stimulation  of  water  and  electrolyte 
absorption  by  lumina)  glucose.  Secretion  of  water  and  electro¬ 
lytes  is  not  due  to  alterations  in  these  processes  occurring  at 
the  lateral,  basal,  and  luminal  brush  border  cell  membranes. 
Luminal  glucose  may  have  a  role  as  adjunctive  therapy  for 
IHP-induced  intestinal  secretion. 

The  effects  of  acutely  increased  IHP  on  the  following  variables 
associated  with  passive  intestinal  transport  was  studied:  uni¬ 
directional  water  transport,  erythritol  and  mannitol  clearance 
from  plasma  to  lumen,  tissue  architecture,  and  in  the  ileum, 
tissue  blood  flow  rate.  Acute  moderate  increases  in  IHP 
caused:  1)  increased  effective  mucosal  surface  area  in  the 
small  intestine,  as  evidenced  by  increased  unidirectional  water 
transport,  and  gross  intestinal  distention  with  marked  separat¬ 
ion  of  mucosal  villi,  2)  increased  tissue  permeability,  as 
evidenced  by  a  proportionately  greater  increase  in  mannitol 


945 


(Stokes  radius  0.4  nm)  than  in  erythritol  (Stokes  radius  0.32 
nm)  clearance.  In  the  ileum  higher  IHP  was  assoicated  with 
decreased  unidirectional  water  transport  and  mannitol  loss  of 
anatomical  mucosal  surface  area.  In  the  ileum  increased  IHP  did 
not  significantly  change  mucosa-submucosa  and  muscularis-serosa 
blood  flow,  although  mucosal  hemorrhage  was  evident  at  the 
highest  IHP.  Increased  IHP  caused  less  intestinal  distention 
in  the  colon,  compared  to  the  small  intestine,  and  no 
significant  change  in  effective  surface  area  or  tissue  per¬ 
meability,  as  indicated  by  unchanged  unidirectional  water 
transport  and  mannitol  and  erythritol  clearnaces.  Altered 
intestinal  transport  due  to  acutely  increased  IHP  is  apparently 
mediated  by  increased  effective  mucosal  surface  area  and/or 
increased  tissue  permeability.  Integration  of  these  results 
with  published  literature  suggests  that  increased  IHP  can  alter 
the  hydrodynamics  of  the  mucosal  microcirculation  to  produce  a 
significant  driving  force  for  passive  filtration-secretion 
through  mucosal  tissue  having  augmented  effective  surface  area 
and  permeability. (7, 26) 

A  method  was  described  for  measuring  ileal  blood  flow  in  the 
anesthetized  (pentobarbital  sodium)  rabbit  by  the  intraventri¬ 
cular  injection  of  microspheres  (15  urn)  labeled  with  cerium-141 
or  chromium-51}  with  this  method  the  amount  of  labeled 
microspheres  lodging  in  the  tissue  is  proportional  to  the  blood 
flow.  Blood  flow  to  the  ileal  mucosa  plus  submucosa  could  be 
separated  from  flow  to  the  ileal  muscul >ris  propria  plus  serosa 
by  this  technique.  Simultaneous  and  sequential  injections  of 
radiolabeled  microspheres  gave  similar  measurements  of  ileal 
blood  flow  and  did  not  affect  ileal  water  absorption. 
Increasing  ileal  water  absorption  by  treatment  with  the 
glucocortico  methylpredniso lone  (3  mg/100  g  per  day  for  3 
days)  increased  blood  flow  to  both  compartments  of  the  ileum 
and  also  to  the  colon,  liver,  and  kidneys;  methylprednisolone 
treatment  did  not  alter  blood  flow  when  studies  were  performed 
before  the  methylprednisolone-iriduced  increase  in  ileal  water 
absorption  had  occurred.  In  contrast,  intestinal  secretagogues 
that  induced  both  active  ileal  secretion  (purified  cholera 
toxin  and  serotonin)  and  passive  ileal  secretion  (hypertonic 
mannitol)  did  not  affect  ileal  blood  flow.  These  studies 
indicate  that  increased  ileal  water  absorption  is  associated 
with  increased  ileal  blood  flow,  whereas  intestinal  secretion 
is  not  necessarily  associated  with  an  alteration  in  ileal  blood 
flow. (27) 

The  ability  of  the  beta-adrenergic  receptor  antagonist  propra¬ 
nolol  to  effect  intestinal  secretion  induced  by  active  and 
passive  mechanisms  was  evaluated  in  the  rat  ileum  and  colon. 
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Ileal  and  colonic  loops  were  exposed  to  choleragen,  dibutyryl 
cAMP,  and  hypertonic  mannitol  in  vivo  to  induce  water  and 
electrolyte  secretion.  When  studied  3. 5-4. 5  hr  after  choleragen 
inoculation,  water  and  electrolyte  secretion  and  increased 
adenylate  cyclase  activity  and  cyclic  AMP  content  were  observed 
in  intestine  from  untreated  animals,  but  '  Na-K-ATPase,  Mg — 
ATPase,  and  cyclic  nucleotide  phosphodiesterase  were  unaf¬ 
fected.  Treatment  with  D,L-propranolol ,  SC  4  mg/kg/day  for  3 
days,  did  not  affect  water  or  electrolyte  movement  or 
intestinal  enzyme  activities  or  cyclic  AMP  content  in  saline — 
inoculated  loops,  but  significantly  reduced  the  choleragen-in- 
duced  ileal  water  and  electrolyte  secretion  and  completely 
prevented  the  choleragen-induced  colonic  secretion.  Propra¬ 
nolol  treatment  did  not  alter  the  choleragen-induced  increase 
in  adenylate  cyclase  activity  or  cyclic  AMP  content.  Similar 
treatment  with  D,L~propranolol  failed  to  affect  ileal  water 
secretion  induced  by  hypertonic  mannitol.  Treatment  with 
D-propranolol ,  SC  4  mg/kg/day  for  3  days,  did  not  affect  the 
ileal  secretion  induced  by  choleragen  inoculation.  To  document 
the  site  of  propranolol  inhibition  of  intestinal  secretion, 
secretion  was  induced  by  ileal  perfusion  with  dibutyryl  cAMP. 
Propranolol  treatment  completely  prevented  this  dibutyryl 
cAMP-induced  ileal  secretion.  These  results  indicate  that 
D,L-propranolol  is  able  to  prevent  choleragen-induced  ileal  and 
colonic  secretion  in  the  rat  but  does  not  affect  passive 
secretion  caused  by  hypertonic  mannitol.  This  action  of 
propranolol  is  stereo-specific  and  is  not  associated  with 
inhibition  of  choleragen-induced  activation  of  adenylate 
cyclase  or  increase  in  cyclic  AMP  content  and  apparently 
involves  a  step  in  the  intestinal  secretory  process  after 
activation  of  adenylate  cyclase. (28) 

A  paper  on  the  mechanism  of  Fluid  and  electrolyte  secretion  in 
the  germ-free  rat  cecum  was  published.  The  cecum  of  the 
germ-free  rat  is  filled  with  a  large  volume  of  liquids  cecum 
plus  cecal  contents  comprise  up  to  257.  of  the  rodent's  body 
weight.  To  explain  the  presence  of  the  liquid  cecal  contents 
in  the  germ-free  rat,  cecal  transport  of  water  and^lectrolytes 
was  studied  using  a  closed-loop  technique  with  [  Cjpolyethy- 
lene  glycol  as  a  nonabsorbable  marker.  When  NaCl  (154 
mEq/liter)  was  instilled  into  germ-free  rat  ceca,  absorption  of 
water,  Na,  and  Cl  occurred  and  was  similar  to  that  in 
conventional  animals.  In  contrast,  when  an  equal  volume  of 
supernatant  from  germ-free  cecal  contents  was  instilled  into 
germ-free  rat  ceca,  secretion  of  water,  Na,  and  Cl  occurred. 
Similarly,  when  the  germ-free  supernatant  was  instilled  into 
ceca  of  conventional  rats,  secretion  of  water,  Na,  and  Cl 
occurred  at  rates  equal  to  that  seen  in  the  germ-free  rat. 
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Therefore,  it  appeared  that  the  composition  of  the  germ-free 
cecal  contents  was  primarily  responsible  for  the  cecal 
secretion.  Analysis  of  the  germ-free  cecal  contents  to 
determine  what  caused  the  cecal  secretion  revealed  very  low 
measurable  anions  (Cl  2,  HCO^  2  mEq/liter),  a  low  Na 
concentration,  slight  hyperosmolality  as  determined  by  freez¬ 
ing-point  depression,  and  elevated  colloid  osmotic  pressure. 
Fluid  made  up  with  Na2S0^  to  resemble  the  germ-free  cecal 
supernatant  in  ionic  composition  and  absence  of  exchangeable 
anions  produced  cecal  secretion  equal  to  that  of  the  germ-free 
rat  cecal  contents.  Fluid  simulated  to  reproduce  the  effects  of 
the  low  Na  concentration  and  also  the  colligative  properties 
and  colloid  osmotic  pressure  had  minimal  effects  on  cecal 
transport.  These  studies  demonstrate  that  cecal  enlargement  in 
the  germ-free  rat  is  associated  with  cecal  secretion  of  water 
and  electrolytes,  that  germ-free  ceca  can  transport  water  and 
electrolytes  in  a  normal  fashion,  and  that  cecal  secretion  in 
the  germ-free  rat  is  due  primarily  to  the  absence  of  permeable 
anions  in  the  germ-free  cecal  contents. (40) 

D.  Alterations  in  Intestinal  Motility. 

Migrating  action  potential  complexes  (MAPC)  have  been 
described  in  rabbit  ileal  loops  injected  with  cholera  toxin 
(CT),  ricinoleic  acid,  and  E.  coli  toxins.  The  MAPC  is  a 
reproducible,  propogated  burst  of  myoelectric  spike  activity 
that  occurs  several  hours  after  the  secretory  activity  of  CT. 
To  examine  whether  MAPC  activity  is  independent  of  the  fluid 
secretory  activity  of  CT,  we  injected  ligated  rabbit  ileal 
loops  with  1ml  of  1  of  5  solutions:  purified  CT  (lOOug), 
choleragenoid  (CD)  (lOOug),  cholera  antiserum  (AS),  purified 
CT+AS,  or  EDTA  control.  As  in  the  previous  studies  with  this 
model,  electrodes  were  sewn  to  the  distal  ileal  serosa  at  2.5 
cm  intervals  and  the  animal  recorded  for  6  hr  after  injection. 
Fluid  secretion  was  used  as  a  measure  of  CT  activity.  Rabbits 
remained  at  39  u  during  the  study.  Slow  wave  activity  was 
essentially  the  same  in  all  groups  throughout  the  study.  CD,  a 
nonpathogenic  aggregate  of  B  subunits  of  CT  produced  a  similar 
number  of  MAPC  (13+2.2)  during  the  6  hr  observation  period  as 
CT  (13.7+2.7).  These  values  were  significantly  different  (p 
0.01)  from  controls.  MAPC  onset  time  with  CD  (181  min  after 
injection),  was  slightly  later  than  that  seen  with  CT  (127  min 
after  injection),  but  the  propogation  velocity  of  the  MAPC  was 
essentially  the  same  in  both  groups  (1.3  cm/ sec  vs  1.5  cm/ sec) 
CT  injected  animals  secreted  4.6+0. 5  ml  of  fluid  during  the 
observation  period.  None  of  the  other  solutions  produced 
measurable  fluid  secretion.  To  neutralize  Cl',  AS  was  incubated 
with  CT  to  provide  slight  antibody  excess.  Incubated  AS+CT 
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produced  fewer  MAPC  than  CT,  and  the  mixture  had  no  CT  activity 
in  the  adrenal  cell  assay.  We  separated  AS+CT  into  a 
precipitate  and  a  supernatant;  neither  produced  CT  activity  in 
the  adrenal  cell  assay.  The  supernatant  gave  17+3  MAPC  during 
the  6  hr  period,  slightly  more  than  CT.  The  precipitate 
produced  fewer  events  (3+1)  than  CT  or  the  supernatant  (p 
0.02).  We  concluded:  1)  MAPC  activity  of  CT  is  independent  of 
fluid  secretion,  2)  MAPC  activity  is  not  blocked  by  neutral¬ 
ization  of  fluid  secretion  or  adrenal  cell  assay  activity  of  CT 
with  AS,  3)  MAPC  activity  is  most  likely  produced  by  the  B 
subunit  of  CT. (29) 

A  previous  study  from  this  laboratory  showed  that  the 
cholera-induced  migrating  action  potential  complex  (MAPC)  was 
caused  by  the  B  subunit  of  cholera  toxin  (CT).  We  examined 
acute  rabbit  ileal  loops  exposed  to  CT  subunits,  pure  CT  B 
subunits,  and  two  modified  CT  derivatives  (modified  CT  and 
modified  B.)  The  subunit  was  modified  by  reaction  of  its 
single  trypotophan  residue  with  nitrophenylsulf onyl  chloride. 
These  modified  compounds  have  no  binding  activity  to  membrane 
sites.  A  20  cm  loop  of  distal  ileum  was  isolated  in  2-3  kg 
rabbits.  Proximal  and  distal  catheters  were  placed  in  the  loop 
for  injection  and  drainage.  3  monopolar  Ag-Ag(Cl)2  electrodes 
were  sewn  to  the  serosa  of  the  loop  at  3-4  cm  intervals.  After 
baseline  recording,  1  solution  (100  ug/ml)  was  injected  into 
the  proximal  catheter:  CT,  modified  CT,  B  subunits,  modified  B, 
or  A  subunits.  Fecords  were  read  for  MAPC  during  the  6-hr 
study.  Fluid  output  confirmed  toxin  activity  in  the  loop;  Y 
adrenal  cell  assay  was  done  on  paired  coded  samples.  CT 
produced  13.2  MAPC  during  the  period  with  22  ml  of  fluid.  B 
subunits  produced  13.7  MAPC  and  no  fluid.  Modified  CT  produced 
1.3  MAPC,  while  modified  B  and  A  subunits  produced  no  MAPC  and 
no  fluid  output.  All  modified  solutions  and  A  subunits  produced 
significantly  fewer  MAPC  than  CT  or  B  (p  0.05).  Modified  CT 
produced  significantly  less  fluid  than  CT  (p  0.02).  assay 
was  positive  with  rounding  of  all  cells  at  3  pg  CT,  while  all 
other  solutions  were  negative  at  100-fold  greater  concentrat¬ 
ions.  We  conclude:  1)  CT  B  and  not  A  subunits  produce 
MAPC-activity ,  2)  modification  of  B  subunits  to  eliminate 

membrane  binding,  eliminates  MAPC-activity,  3)  modification  of 
the  B  subunit  decreases  Y^  activity  by  100-fold. (30) 

Other  studies  on  the  effects  of  prostaglandins  on  esophageal 
smooth  muscle  were  reported.  Previous  studies  from  this 
laboratory  suggested  that  prostaglandins  (PG)  mediate  IES 
hypotension  associated  with  inflammation.  To  examine  this 
relationship,  PGE^  was  infused  arterially  above  the  celiac  axis 
in  cats  to  produce  LES  hypotension  similar  to  experimental 


949 


esophagitis.  During  PG  infusion,  the  response  to  an  IV  bolus 
of  edrophonium  or  urecholine  was  measured  to  determine  whether 
cholinergic  or  smooth  muscle  function  was  inhibited  by  the  PG. 
LES  pressure  was  recorded  continuously  using  a  perfused  sleeve 
catheter.  After  baseline  pressure,  PGE  (0.15  ug/kg/min)  was 
infused  for  30  min.  At  the  nadir  of  LES  hypotension  (15  min), 
an  IV  bolus  of  either  urecholine  (25  ug/kg/)  or  edrophonium 
(100  ug/kg)  was  given.  During  PGE  infusion,  LES  pressure 
decreased  by  33  mmHg.  In  contrast,  LES  pressure  rose  29  mmHg 
above  baseline  after  urecholine  injection.  Although  PGE 
significantly  decreased  LES  pressure  (p  0.05),  the  pressure 

rise  after  urecholine  was  not  blocked  by  the  prostaglandin. 
Urecholine  increased  LES  pressure  by  62  mmHg  compared  to  the 
nadir  of  PGE^-induced  hypotension  (p  0.001).  In  contrast,  the 
LES  pressure  rise  with  edrophonium  in  control  animals  was 

blocked  by  PGE^  infusion  in  tested  animals.  We  conclude:  1) 
PGE^  infusion  does  not  affect  the  LES  pressure  rise  after 

urecholine,  but  blocks  the  LES  response  to  edrophonium,  2)  LES 
response  to  these  medications  during  PGE  infusion  is  similar 
to  results  seen  in  cats  with  experimental  esophagitis.  This 
study  suggest",  that  prostaglandins  and  inflammation  act  on  the 
LES  through  similar  mechanisms,  that  is,  by  inhibiting 

cholinergic  regulation  of  LES  pressure  while  leaving  smooth 
muscle  function  unaffected. (31 ) 


Previous  studies  demonstrated  the  hypotensive  effect  of  IV 
bolus  doses  of  PGE^  and  PGE„  on  the  lower  esophageal  sphincter 
(LES).  We  examined  the  effect  of  low  dose  continuous  IV 
infusion  of  PGE.,  PGE2,  PI,  or  6-keto-PGF^a  (all  at  0.15 
ug/kg/min)  on  LES  pressure  in  sedated  cats.  Esophageal 
sphincter  pressure  was  recorded  continuously  during  the  60  min 
study  using  a  perfused  sleeve  catheter.  After  a  baseline 
pressure  recording,  1  of  6  solutions  (PGE^,  PGE2,  PI, 
6-keto-PGF^  ,  0.9%  saline,  or  Tris  buffer)  was  infused  in  a 
hindquarter  vein  at  1.1  ml/min  for  30  min.  Tracings  were  read 
blindly  for  LES  pressure  values.  PGE^  progressively  decreased 
LES  pressure  during  the  infusion  to  a  nadir  of  17+10  mmHg  below 
baseline  at  15  min,  significantly  different  from  control  (p 
0.05).  PGE2  increased  LES  pressure  throughout  the  study,  but 
there  were4  no  significant  differences  from  saline  control. 
Tris  (pH  10.5),  [the  solvent  for  PI  and  6-keto-PGF.  ], 
increased  sphincter  pressure  during  the  infusion  to  a  peak  of 
18.4+8.8  mmHg  above  baseline  at  25  min,  6-keto-PGF. ^  produced 
a  similar  progressive  rise  in  LES  pressure.  PI  however, 
decreased  LES  pressure  during  the  infusion  with  significant 
differences  from  Tris  control  at  15  min  (p  0.05),  and  30  min  (p 
0.05),  the  end  of  the  infusion.  After  PI  infusion  was  stopped, 
LES  pressure  promptly  rose  and  paralleled  the  curve  seen  with 
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Tris  control.  We  concluded:  1)  Continuous  IV  PGE^  produces 
significant  LES  hypotension,  2)  Continuous  IV  PI,  but  not  its 
major  metabolic  product,  6-keto-PGF  ,  also  produces  LES  hypo¬ 
tension. (32)  a 

Intravenous  prostaglandins  (PGE^,  PGE„)  decrease  lower  esopha¬ 
geal  sphincter  pressure  (LESP),  yet  fnese  compounds  are  nearly 
completely  degraded  in  the  cat  lung  in  a  single  passage.  We 
compared  continuous  arterial  and  venous  infusions  of  three 
prostaglandins  for  possible  differences  in  their  effect  on  LESP 
in  cats.  Arterial  infusions  were  given  1  cm  above  the 
diaphragm  and  LESP  was  determined  by  a  perfused  sleeve  catheter 
positioned  to  allow  continuous  pressure  recording  during  the  30 
min  infusion  and  for  an  additional  30  min.  After  a  baseline 
period,  1  of  5  solutions  was  infused:  PGE^ ,  PGE^  (all  at  0.15 
ug/kg/min),  0.9%  saline,  or  Tris  buffer.  Records  were  read 
blindly  and  LESP  determined  for  each  minute.  During  arterial 
PGEj,  LESP  fell  in  the  first  5  min,  reaching  a  nadir  of  34+1.3 
mmHg  below  baseline  (p  <0.001)  at  30  min,  the  end  of  the 
infusion.  Arterial  PGE^  caused  a  greater  fall  in  LESP  than 
venous  PGE^,  both  at  tne  end  of  the  30  min  infusion  (p<0.05) 
and  at  the  end  of  the  30  min  post-infusion  period  (p<0.01). 
Control  infusions  were  not  associated  with  significant  changes 
in  LESP  from  baseline  at  any  time  period.  LESP  reached  a 
pla"eau  after  30  min  of  arterial  PGI„  of  10+3  mmHg  below 
baseline,  but  rose  within  1  min  post-infusion  to  a  significant 
peak  16+5  mmHg  above  baseline  at  30  min  post-infusion  (p  0.01). 
We  conclude:  1)  Arterial  PGE^  causes  a  significantly  more 
pronounced  and  more  prolonged  fall  in  LESP  than  venous  PGE^,  2) 
Arterial  PG^  lowers  LESP  slightly  during  infusion,  but 
significantly  raises  LESP  above  baseline  post-infusion,  3) 
Arterial  or  venous  PGE2  causes  no  significant  change  in  LESP 
during  continuous  infusion.  4)  Arterial  and  venous  PGE  ,  and 
not  PGE„  or  PGI„  change  LESP  to  a  different  magnitude  in  the 
cat. (33 T 

II  Liver  Fibrosis  (34),  Using  Schistosomiasis  as  a  Model 

System. 

Work  in  our  section  has  focused  on  two  areas.  The  first  is 
detailed  examination  of  granulomas,  the  site  of  liver  collagen 
synthesis  in  mice  with  Schistosoma  mansoni  infection.  The 
second  is  progression,  reversibility  and  pharmacologic  therapy 
of  liver  fibrosis  in  the  rabbit  with  Schistosoma  japonicum 
infection,  an  animal  model  that  more  closely  resembles  chronic 
hepatosplenic  schistosomiasis  in  humans. (35) 
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A.  Granulomas. 


The  major  relevance  of  the  mouse  infected  with 
Schistosoma  mansoni  to  human  schistosomiasis  is  in  its 
reproduction  of  granulomas  around  schistosome  eggs,  thought  to 
be  the  initial  step  leading  to  later  irreversible  changes. 
Earlier,  we  found  that  these  granulomas,  isolated  from  the 
livers  of  mice  8  to  10  weeks  after  a  50-cercaria  infection, 
contained  all  of  the  newly-deposited  liver  collagen  and 
retained  the  bulk  of  the  i_n  vitro  collagen-  synthesizing 
activity  present  in  intact  liver  slices.  Others  showed  that 
these  granulomas  elaborated  material  that  stimulated  division 
of  fibroblasts,  and  we  showed  that  production  of  collagenase  by 
these  granulomas  is  considerable.  During  the  past  year  we 
evaluated  the  organ-specificity  of  fibrosis  in  these  granu¬ 
lomas,  and  examined  the  metabolism  of  proline  in  the 
granulomas . 


1 .  Organ  Specificity  of  Fibrosis. 

After  subcutaneous  infection  with  S.  mansoni 
cercariae,  there  is  heavy  deposition  of  eggs  in  the  liver  and 
intestine  by  9  weeks.  The  size  and  cellularity  of  granulomas 
around  eggs  in  the  small  intestine  and  liver  appear  similar. 
After  washing  the  lumen  and  removing  villus  tips  by  scraping, 
the  remaining  eggs  in  the  small  intestine  are  in  granulomas  in 
the  muscle  and  submucosal  layers.  Tissue  digests  showed  similar 
egg  counts  in  small  intestine  and  liver.  Collagen  content  of 
infected  liver,  measured  as  hydroxyproline  content,  was 
markedly  increased  compared  with  that  of  normal  liver,  as 
expected  from  earlier  work.  In  contrast,  however,  the  collagen 
content  of  infected  intestine  was  no  greater  than  that  of 
normal  intestine.  We  then  measured  collagen^ ^biosynthesis  in 
vitro  by  incubating  tissue  slices  with  C  proline  and 
following  formation  of  nondialyzable  hydroxyproline.  As  ex¬ 
pected,  there  was  a  striking  increase  in  collagen  biosynthesis 
in  the  infected  liver  slices,  compared  with  normal.  However, 
there  was  only  a  minimal  increase  in  collagen  biosynthesis  in 
infected  intestine  slices  compared  with  normal.  We  concluded 
that  in  response  to  the  same  degree  of  granulomatous 
inflammation,  fibrosis  in  the  liver  was  far  greater  than  that 
in  the  small  intestine. 

To  start  to  examine  possible  reasons  for  this  organ-specificity 
of  the  fibrotic  response,  we  measured  free  proline  levels  in 
both  the  liver  and  intestine.  As  we  found  earlier,  there  was 
an  approximately  2-fold  increase  in  liver  free  proline  in  the 
infected  animals,  consistent  with  the  idea  that  an  increased 
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supply  of  this  substrate  is  permissive  for  maximal  collagen 
peptide  synthesis  in  a  tissue  that  is  "turned  on"  to  this 
process.  Intestinal  free  proline  in  the  infected  animals  was  no 
different  from  normal.  When  infected  liver  slices  are  incubated 
with  increasing  concentrations  of  free  proline,  there  is  a 
sharp  increase  in  collagen  peptide  synthesis  up  to  a  saturating 
maximum  level.  Increasing  the  free  proline  in  intestinal  slice 
experiments  even  to  very  high  levels  led  to  only  a  modest 
increase  in  collagen  synthesis  iri  vitro.  In  infected  intest¬ 
ine,  both  the  lack  of  free  proline  accumulation  and  the 
relative  inability  to  use  added  proline  for  collagen  formation 
suggest  that  the  granulomas  in  this  tissue  do  not  contain  the 
machinery  to  make  an  intense  fibrotic  response  to  the  degree 
seen  in  infected  liver. 

We  next  produced  granulomas  in  the  lungs  of  mice,  using  the 
method  of  partial  ligation  of  the  portal  vein,  leading  to 
porta-systemic  collateral  formation.  As  in  the  intestine,  we 
noted  similar  formation  of  granulomas  around  eggs  in  the  lungs, 
and  heavy  egg  deposition.  Also  similar  to  the  intestine,  there 
was  only  a  minimal  increase  in  infected  lung  collagen  content 
and  no  difference  in  collagen  synthesis  in  vitro  with  infected 
lung  slices,  as  compared  with  normal. 

These  findings  all  suggest  that  there  may  be  unique  character¬ 
istics  of  liver  granulomas  in  this  model  that  lead  to  much  more 
fibrosis  than  in  the  granulomas  of  other  organs  in  response  to 
an  identical  antigenic  stimulus.  The  sorting  out  of  such 
differences  is  a  formidable  task  that  we  are  starting  to 
approach  with  further  metabolic  studies,  ultrastructural 
examination  and  cell  isolations.  We  hope  thac  the  organ 
specificity  of  the  effector  response,  fibrosis,  will  be  a 
useful  tool  in  evaluating  the  importance  of  the  many  humoral 
and  cellular  components  of  the  inflammatory  process  that  might 
have  a  specific  relationship  to  fibrosis. (8,36) 

2 .  Proline  Trapping  in  Granulomas. 

As  mentioned  above,  free  proline  supply  is  an 
important  permissive  factor  for  collagen  peptide  synthesis  in  a 
tissue  "turned  on"  to  this  process.  We  found  earlier  that  the 
likely  source  of  free  proline  in  normal  and  infected  mouse  and 
human  liver  was  metabolism  of  arginine  to  proline.  Hepatocytes 
are  known  to  actively  form  and  degrade  proline.  Proline  is 
known  to  be  a  major  nitrogen  excretion  product  of  adult 
trematodes,  and  the  possibility  that  schistosome  eggs  within 
granulomas  make  proline  is  of  interest.  There  have  been  no 
studies  of  proline  metabolism  in  liver  granulomas.  In  earlier 
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studies,  our  inability  to  localize  free  proline  pools  to 
compartments  where  collagen  synthesis  is  occurring  has  made  it 
difficult  to  go  beyond  general  statements  about  proline  supply 
in  the  whole  organ.  The  following  data  suggest  that  there  may 
be  an  important  proline-supply  relationship  in  fibrosis  between 
the  liver  cells  and  the  granulomas. 

Arginine  is  rapidly  cleaved  to  ornithine  in  liver,  and  two 
sequential  enzymes  convert  ornithine  to  proline:(37) 

Ornithine 

4.  ornithine-6-aminotransf  erase 
A*-pyrroline-5-carboxylate  (P5C) 

4.  P5C  reductase 
Proline 

The  interconversion  between  proline  and  P5C,  a  cyclic  ring 
compound,  is  a  reversible  oxidation/reduction.  A  separate 
enzyme,  proline  oxidase,  catalyzes  the  conversion  of  proline  to 
P5C.  P5C  can  be  further  metabolized  by  another  enzyme,  P5C 
dehydrogenase. 

We  assayed  these  enzymes  in  infected  mouse  liver,  measuring 
their  activities  in  isolated  granulomas  and  in  liver  supernate 
after  removal  of  the  granulomas  by  sedimentation.  Activities  of 
ail  4  enzymes  were  far  greater  in  the  liver  than  those  in  the 
isolated  granulomas.  Enzymes  from  the  liver  and  the  granulomas 
had  the  same  optimum  activity  characteristics  and  the  same 
subcellular  localizations  on  sucrose  centrifugation  as  the 
enzymes  prepared  from  normal  mouse  liver.  While  there  was  some 
activity  of  the  proline-synthesizing  enzymes  in  isolated 
granulomas,  proline-degrading  activity  was  only  present  as 
small  levels  of  proline  oxidase  and  no  detectible  P5C 
dehydrogenase. 

We  previously  showed  that  collagen  peptide  synthesi^  _in  vitro 
was  maximal  in  isolated  granulomas,  and  that  added  C  proline 
in  vitro  readily  enters  the  granulomas  and . equilibrates  with 
the  intracellular  proline.  Thus  it  seems  likely  that  much  of 
the  proline  used  for  collagen  peptide  synthesis  originates  from 
the  liver  cells  and  enters  a  new  metabolic  environment  in  the 
granulomas,  where  it  is  avidly  used  for  collagen  peptide 
synthesis  and  where  the  potential  for  proline  degradation  is 
minimal. (9,38) 


i 
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We  still  cannot  measure  proline  pools  and  fluxes  within  the 
granulomas,  and  the  possibility  that  there  is  metabolic  proline 
channeling  in  different  compartments  within  the  granulomas  has 
to  be  addressed.  Further  understanding  of  the  regulation  of 
liver  collagen  synthesis  at  the  substrate  level,  and  the  design 
of  effective  countermeasures  (e.g.  proline  analogues)  depend  on 
extending  our  studies  of  proline  handling  within  the  granulomas 
and  on  matching  up  proline-metabolizing  and  collagen-synthes¬ 
izing  compartments. 

B.  Chronic  Hepatosplenic  Schistosomiasis  In  Rabbits. 

Rabbits  infected  with  up  to  500  Schistosoma  japonicum 
cercariae  provide  an  experimental  model  of  chronic  pipestem 
fibrosis  that  resembles  the  fibrosis  of  chronic  human  schisto¬ 
somiasis  more  closely  than  does  the  S.  mansoni-infected  mouse. 
In  collaboration  with  Dr.  Allen  Cheever  at  NTH.  we  are 
conducting  a  longterm  study  aimed  at  defining  the  potential  for 
reversibility  of  such  chronic  disease.  Investigators  at  NIH, 
confirming  original  findings  of  Japanese  workers,  have  shown 
that  liver  collagen  content  increases  markedly  in  S.  japon- 
icum-inf ected  rabbits  and  that  a  histologic  picture  of  Symmers' 
fibrosis  is  present  in  most  animals  20-30  weeks  after 
infection.  Later,  the  collagen  content  and  histologic  appear¬ 
ance  of  fibrosis  regress  somewhat,  so  that  by  50  weeks  after 
infection  there  is  evidence  of  advanced,  quiescent,  apparently 
stable  disease. 

We  have  found  marked  increases  in  liver  free  proline  and 
collagen  biosynthesis  with  infected  liver  slices  in  this  model, 
coinciding  with  maximal  appearance  of  disease  activity  at  20-30 
weeks.  In  agreement  with  other  evidence  of  progression  of  the 
disease  to  a  chronic  phase,  there  is  a  decrease  of  collagen — 
synthesizing  activity  of  liver  slices  to  only  twice  normal  by 
50  weeks. 

We  are  now  examining  the  potential  for  reversibility  of  this 
lesion  after  parasitologic  cure.  Twenty  weeks  after  infection, 
rabbits  undergo  laparotomy  and  wedge  liver  biopsy.  The 
collagen  content,  egg  count,  free  proline  content,  and  JLn  vitro 
collagen-synthesizing  capacity  of  liver  slices  from  the  biopsy 
specimens  are  measured  by  the  same  methods  we  used  in  our 
earlier  studies  of  mouse  and  human  liver.  Rabbits  are  then 
assigned  to  three  groups  matched  for  the  extent  of  Symmers' 
fibrosis  by  histologic  examination,  and  for  degree  of  fibrosis 
as  determined  chemically.  Two  of  the  groups  are  cured  of  their 
infection  and  the  third  group  serves  as  a  control.  After 
parasitologic  cure,  one  of  the  groups  is  begun  on  daily 
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intraperitoneal  injections  of  colchicine  in  a  maximum-tolerated 
dose  (0.5  mg  daily)  and  the  other  groups  are  begun  on 
intraperitoneal  saline  injections.  Extent  of  disease  will  be 
reassessed  by  the  above  methods  at  a  second  biopsy  40  weeks 
after  infection,  and  again  at  60  weeks. (10) 

From  this  study,  we  hope  to  be  able  to  assess  the  potential  for 
reversal  of  early  pipestem  fibrosis  after  parasitologic  cure  of 
infection,  and  to  plan  studies  of  tissue  collagenases  in  this 
model. (39)  In  addition,  we  hope  to  learn  whether  colchicine,  a 
compound  that  may  favorably  affect  the  course,  of  alcoholic 
cirrhosis,  has  any  therapeutic  potential  in  promoting  resolut¬ 
ion  of  Symmers1  fibrosis.  We  also  hope  to  obtain  additional 
information  which  will  guide  our  design  of  studies  of 
reversibility  of  this  process  in  humans. 
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1 23.  (u)  Develop  experimental  rickettsial  immunogens;  define  the  pathology  of  rickett¬ 

sial  Infections  in  laboratory  animals;  determine  the  sequence  of  events  leading  to  immu' 
nlty  following  vaccination  or  infection.  These  studies  are  aimed  directly  at  develop¬ 
ment  of  safe,  efficacious  rickettsial  vaccines  that  will  protect  deployed  military 
troops,  and  development  of  accurate,  sensitive  immunoassays  to  evaluate  the  extent  of 
immunity  induced  by  vaccination. 

(U)  Gamma  irradiation  of  rickettsiae  to  produce  attenuated  immunogens.  Evaluate 
different  strains  and  combinations  of  strains  for  use  as  immunogens  to  provide  long-las¬ 
ting,  broad-spectrum  protection  against  Rickettsia  tsutsugamushi  infection.  Analyze  in 
vitro  the  effects  of  lymphocytes  and  lymphocyte  products  on  macrophages.  Determine  the 
genetic  basis  of  resistance  and  sensitivity  of  the  mouse  model  to  scrub  typhus  infection 
25.  (U)  78  10  -  79  09  Broad  spectrum  protection  against  scrub  typhus  infection  in  mice 

was  achieved  using  combinations  of  3  strains  of  rickettsiae.  Trivalent  mixtures  of  Karp 
Gilliam,  and  Kato  rickettsiae  exhibited  a  striking  synergistic  effect  on  the  immune  re' 
sponse  of  mice.  Detection  of  residual,  replicating  rickettsiae  in  inadequately  irradia¬ 
ted  immunogen  suspensions  was  most  effectively  accomplished  by  transfer  of  spleen  cell 
homogenates  from  vaccinated  to  unvaccinated  mice.  Cultures  of  mouse  macrophages  active 
ted  with  lymphokines  showed  a  significant  increase  in  rickettsia-f ree  cells  after  expo¬ 
sure  to  Rickettsia  tsutsugamushi.  Activated  macrophages  also  yielded  60  percent  fewer 
viable,  intracellular  rickettsiae.  Rickettsiacidal  activity  was  mediated  by  decreased 
infectivity  of  rickettsiae  and/or  increased  intracellular  killing  of  rickettsiae.  Na¬ 
tural  resistance  of  mice  to  lethal  scrub  typhus  infections  was  shown  to  be  controlled  by 
single,  autosomal,  dominant  gene  (Ric)  on  chromosome  5.  The  Ric  locus  was  closely 
linked  to  the  retinal  degeneration  locus.  For  teclmical  report  see  Walter  Reed  Army 
Institute  of  Research  Annual  Progress  Report.  1  Oct  78  -  30  Sep  7 j. 
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Description: 

Investigations  to  develop  experimental  rickettsial  immunogens, 
define  the  pathogenesis  of  rickettsial  infections  in  laboratory 
animals,  and  determine  the  sequence  of  events  leading  to  immunity 
following  vaccination  or  infection.  These  studies  are  directed 
toward  development  of  safe,  efficacious  rickettsial  vaccines 
which  will  protect  deployed  troops,  and  development  of  accurate, 
sensitive  immunoassays  to  evaluate  the  extent  of  immunity  induced 
by  vaccination. 

During  the  reporting  period,  research  activities  have  included: 
(1)  scrub  typhus  vaccine  development,  (2)  host  immune  response  to 
Rickettsia  tsutsugamushi  infection  and  vaccination,  and  (3)  nat¬ 
ural  resistance  to  scrub  typhus  infection. 

Progress: 

1.  Gamma-irradiated  scrub  typhus  immunogens:  broad  spectrum 
immunity  with  combinations  of  rickettsial  strains. 

Epidemiological  investigations  have  revealed  the  existence  of 
numerous  strains  of  Rickettsia  tsutsugamushi  that  can  be  diffe¬ 
rentiated  on  the  basis  of  serological  tests  and  virulence 
characteristics  in  laboratory  animals.  In  some  regions  endemic 
for  scrub  typhus,  a  single  strain  appears  to  be  dominant  (1), 
but  other  reprrts  indicate  that  several  different  strains  may 
coexist  in  ra  .her  small  geographical  areas  (2,3,4).  This  anti¬ 
genic  diversity  has  been  a  major  consideration  in  the  development 
of  a  scrub  typhus  vaccine.  Although  single-strain  formalinized 
rickettsiae  have  been  shown  to  elicit  significant  levels  of 
protection  against  homologous  strain  challenge  in  laboratory 
animals  (5),  gamma-radiation  inactivated  scrub  typhus  immunogens 
protected  mice  against  challenge  with  both  homologous  and  hetero¬ 
logous  strains  of  R  tsutsugamushi  (6).  Subsequent  studies  from 
this  laboratory  (7)  defined  the  optimum  temporal  regimen  for 
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vaccination,  and  examined  the  development  and  duration  of  the  pro¬ 
tective  immune  response  in  BALB/cDub  (BALB)  mice.  Animals  vacci¬ 
nated  with  gamma-irradiated  Karp  immunogen  were  resistant  to  a 
10%LD5o  homologous  challenge  for  9  months.  However,  resistance 
to  the  heterologous  Kato  strain  waned  rapidly,  indicating  the 
necessity  to  prolong  effective  heterologous  protection  and  to 
assess  resistance  against  other  strains  of  scrub  typhus  rickettsiae. 
Such  a  study  was  facilitated  by  the  recent  discovery  that  C3H/HeDub 
(C3H)  mice  are  susceptible  to  lethal  infection  with  strains  of  R 
tsutsugamushi  to  which  BALB  mice  are  naturally  resistant  (8). 

In  this  study,  we  determined  the  comparability  of  data  obtained 
with  BALB  and  C3H  mice,  then  used  the  latter  animal  model  to  allow 
expansion  of  the  number  rf  rickettsial  strains  employed  for 
challenge  and  preparation  of  immunogens.  In  addition  to  Karp  and 
Kato,  we  have  used  Gilliam,  the  third  of  the  classical  prototype 
strains  of  R  tsutsugamushi  (9);  Buie,  a  strain  shown  to  produce 
broadly  cross-reactive  antisera  in  rabbits  (10);  and  Kostival, 
one  of  the  more  effective  formalinized  immunogens  in  cross-vacci¬ 
nation  studies  (5).  These  immunogens  were  used  as  single  strains 
and  3-strain  combinations,  concluding  with  a  one  year  study  that 
assessed  the  durability  and  scope  of  scrub  typhus  immunity  in 
vaccinated  mice  and  contrasted  this  protection  with  the  durability 
of  heterologous  strain  immunity  occurring  after  sublethal  infection. 

Mice.  Female  BALB  and  C3H  mice  (Flow  Laboratories,  Dublin,  VA) ,  18 
to  22  gms,  were  used  throughout  this  study. 

Rickettsiae.  The  Karp,  Gilliam,  Kato,  Kostival,  and  Buie  strains 
of  R  tsutsugamushi  were  propagated,  stored,  and  quantified  using 
methods  previously  reported  (11) .  Only  those  suspensions  having 
titers  2  10®  50%  mouse  lethal  doses  (MLD5Q)/gm  of  yolk  sac,  as 
determined  in  susceptible  mice,  were  used.  The  50%  end  points 
were  calculated  from  mortality  data  by  the  Spearman-Karber 
method  (12) . 

Immunogens.  Radiation-inactivated  immunogens  were  prepared  by 
exposing  frozen  20%  yolk  sac  suspensions  to  300  Krad  of  gamma 
radiation  in  a  ®0Co  gamma  irradiator  (Gamma  Cell  220,  Atomic 
Energy  of  Canada  Limited,  Ottawa,  Canada)  as  previously  described 
(6).  Immunogen  mass  was  quantified  in  MLDijq  units  based  on  mouse 
titration  of  unirradiated  organisms. 

Vaccination  and  challenge.  All  injections  were  administered 
intraperitoneally  (i.p.)  in  a  standard  volume  of  0.2  ml.  Iramuno- 
genicity  of  irradiated  suspensions  was  determined  by  administering 
a  1,000  MLD50  homologous  strain  challenge  dose  to  groups  of  mice 
vaccinated  24  days  previously  with  a  single  dose  of  immunogen 


diluted  in  10-fold  increments  over  an  appropriate  dose  range. 

The  50 %  protective  dose  (PD50)  was  expressed  in  MLD5Q  units  by 
calculating  the  difference  between  the  log^Q  of  the  50%  protec¬ 
tive  dilution  and  the  logio  of  the  MLD50  of  the  unirradiated 
suspension  (6).  The  level  of  immunity,  or  immunity  index, 
induced  by  vaccination  according  to  the  standard  regimen  of  3 
injections  at  5-day  intervals  was  determined  by  challenge  titra¬ 
tion  in  vaccinated  and  control  mice  on  day  31.  The  immunity 
index  was  calculated  by  subtracting  the  log^Q  of  the  MLDjg  in 
vaccinates  from  that  in  controls  (13).  For  comparison  of 
vaccination  methods  or  immunogen  combinations  when  multiple- 
strain  challenge  was  employed,  composite  immunity  indices  were 
obtained  from  mean  MLDeg  values  calculated  after  summing  morta¬ 
lity  data  for  all  challenge  strains  at  each  challenge  dose. 

Effect  of  gamma  radiation  on  lethality  and  immunogenicity  of 
rickettsiae.  Since  we  used  the  Karo  strain  of  R  tsutsugamushi 
arid  BALE  mice  for  most  of  our  previous  scrub  typhus  immunogen 
studies  (6,7),  it  was  necessary  to  determine  if  other  rickett¬ 
sial  strains  were  inactivated  by  gamma  radiation  in  a  manner 
similar  to  Karo,  and  to  test  the  comparability  of  results 
generated  in  C3H  mice  with  those  established  in  BALB  mice. 
Consequently,  suspensions  of  Karp,  Kato,  and  Gilliam  were 
exoosed  to  gamma  radiation  doses  in  the  range  of  D-300  Krad 
and  Mtl>5n  titrations  were  performed  simultaneously  at  each 
dose  in  both  mouse  strains.  The  individual  titers  of  the  Karp 
and  Kato  suspensions  were  almost  identical  in  BALB  and  C3H 
mice.  Regression  analyses  (Table  1)  indicated  that  the  radia¬ 
tion  dose-lethality  curves  for  the  rickettsial  strains  were 
quite  similar  and  unaffected  by  choice  of  mouse  model.  The 
generation  of  complete  data  for  Gilliam  was  precluded  by  the 
natural  resistance  of  BALB  mice  to  lethal  infection  with  this 
strain  of  R  tsutsugamushi  (8) .  Corresponding  results  among 
mouse  and  rickettsial  strain  combinations  also  were  observed 
in  the  PDjq  values  obtained  with  300  Krad  gamma-irradiated 
immunogens  (Table  2) . 

Protective  doses  for  homologous  strain  challenge  were  quite 
similar  for  Karp  immunogen  titrated  in  either  mouse  strain,  for 
Kato  immunogen  in  BALB  mice,  and  for  Gilliam  immunogen  in  C3H 
mice.  However,  a  PD50  for  Kato  in  C3H  mice  could  not  be  calcu¬ 
lated.  The  highest  concentration  of  Kato  immunogen  used  failed 
to  protect  the  animals  from  subsequent  challenge.  This  apparent 
inability  of  C3H  mice  to  develop  protective  immunity  to  Kato 
challenge  was  reproducible,  but  disturbing.  Nevertheless,  other 
values  were  comparable  for  the  2  mouse  strains,  and  we  felt  that 
the  benefit  derived  from  broadened  challenge  studies  warrented 
further  use  of  C3H  mice. 
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Point  at  which  calculations  indicate  there  will  be  %  1  lethal  rickettsia/g  of  irradiated  yolk 


Protection  with  single-strain  immunogens.  The  use  of  C3H  mice 
provided  an  opportunity  to  examine  a  matrix  of  homologous  and 
heterologous  protective  capacities  with  immunogens  prepared  from 
R  tsutsugamushi  strains  Karp,  Gilliam,  Kato,  Kostival,  and  Buie. 
Animals  were  vaccinated  using  the  standard  3-injection  regimen, 
and  were  subdivided  on  day  31  for  homologous  and  heterologous 
challenges.  The  results  of  the  titrations,  conducted  in  vacci¬ 
nates  and  controls,  are  expressed  as  immunity  indices  in  Table  3. 
All  of  the  immunogen  preparations,  including  the  Kato  immunogen, 
were  effective  in  protecting  the  animals  against  Karp  and  Gilliam 
challenge.  Levels  of  cross  protection  indicated  considerable 
antigenic  similarity  between  Gilliam  and  Kostival  and,  to  a 
lesser  extent,  between  Karp  and  Buie.  Further,  Kostival  and  Buie 
appeared  to  be  the  most  omnipotent  of  the  immunogen  strains 
tested,  providing  protection  against  all  challenge  strains  except 
Kato.  None  of  the  immunogen  strains  examined,  including  Kato, 
provided  detectable  protection  against  Kato  challenge,  although 
a  similar  experiment  employing  irradiated  Kato  to  vaccinate  BALB 
mice  yielded  immunity  indices  of  6.4  *  0.2  after  Kato  challenge 
and  5.2  *  0.3  after  Karp  challenge. 

Protection  with  three-strain  combinations  of  immunogens.  Three 
combinations  of  strains  and  2  methods  of  effecting  the  combina¬ 
tion  within  the  standard  vaccination  regimen  were  examined.  The 
combinations  tested  were:  Karp-Gilliam-Kato  (KGKt) ,  Karp-Kostival- 
Kato  (KKosKt),  and  Buie-Kostival-Kato  (BKosKt) ,  Vaccination  was 
accomplished  either  by  sequential  administration  of  single¬ 
strain  immunogens  on  days  0,  5,  and  10  or  by  injection  of  a  tri- 
valent  mixture  on  each  of  these  days.  The  total  mass  of  immuno¬ 
gen  injected  was  similar  regardless  of  the  method  of  combination 
of  strains.  As  in  previous  experiments,  vaccinated  animals  were 
subdivided  and  challenged  on  day  31.  Immunity  indices  for 
challenge  with  each  strain  and  composite  immunity  indices  for 
each  strain  combination  are  shown  in  Table  4.  Individual 
immunity  indices  indicate  that  use  of  3  immunogen  strains  for 
vaccination,  regardless  of  strains  combined  or  method  of  combina¬ 
tion  employed,  resulted  in  detectable  levels  of  protection 
against  Kato  and  moderate  to  excellent  protection  against 
challenge  with  the  other  4  strains.  For  each  combination,  compo¬ 
site  immunity  indices  achieved  with  injection  of  the  trivalent 
immunogen  mixture  were  higher  than  those  obtained  by  sequential 
injection  of  the  single-strain  suspensions.  These  differences  in 
composite  values  were  primarily  due  to  the  protection  achieved 
against  Kato  challenge,  where  individual  immunity  indices  indi¬ 
cate  the  protection  levels  increased  100  to  1000-fold  with  use 
of  trivalent  immunogens  instead  of  sequential  injection. 

Finally,  composite  immunity  indices  for  the  3  trivalent  immuno¬ 
gens  indicate  that  the  protective  efficacies  of  KGKt  and  BKosKt 
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Table  4.  Protection  of  C3H  mice  vaccinated  with  three-strain  immunogen  combinations' 
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Sequential  injection  was  administered  in  order  of  presentation  (for  KGKt,  Karp  on  day  0,  Gilliam 
on  day  5 ,  and  Kato  on  day  10) .  Trivalent  immunogens  were  prepared  by  mixing  thawed  monovalent 
immunogens  in  equal  volumes  just  prior  to  injection. 

KGKt,  Karp-Gilliam-Kato;  KKosKt,  Karp-Kostival-Kato;  BKosKt,  Buie-Kostival-Kato. 


were  similar,  and  significantly  higher,  than  that  of  KKosKt. 

Duration  of  immunity  after  KGKt  vaccination.  Large  groups  of 
C3H  and  BALB  mice  were  vaccinated  with  trivalent  KGKt  immunogen 
and  challenged  at  intervals  of  3  months  over  a  period  of  1  year 
(Table  5) .  With  the  exception  of  an  unusually  low  value  for  Kato 
protection  at  3  months,  which  may  have  been  related  to  previously 
identified  problems  with  Kato-C3H  interactions,  the  levels  of 
protection  maintained  by  C3H  mice  over  the  first  6  months  were 
relatively  constant.  The  animals  resisted  challenge  with  over 
1()5  MLD50  of  Karp,  Kostival,  and  Gilliam;  10^  MLD50  of  Buie;  and 
10^  MLD50  of  Kato.  By  9  months,  a  100-fold  reduction  in  protec¬ 
tion  levels  was  observed  for  Karp,  Buie,  and  Kato,  although  levels 
of  resistance  to  Kostival  and  Gilliam  were  undiminished.  No 
further  decline  in  resistance  was  observed  for  Gilliam,  Karp,  and 
Buie  at  12  months,  but  immunity  to  Kato  challenge  could  not  be 
detected  at  that  time.  Conversely,  BALB  mice  remained  immune  to 
high  levels  of  Kato  challenge  throughout  the  study,  evidencing  a 
gradual  decline  from  immunity  to  a  10^  MLD5Q  challenge  at  3 
months  to  protection  against  103  MLD^q  of  Kato  at  12  months. 

Duration  of  immunity  after  sublethal  infection.  The  durability 
of  infection-induced  immunity  to  heterologous  challenge  was 
studied  in  EALB  mice  that  had  sustained  a  sublethal  infection 
tfith  100  MLD50  of  Gilliam.  Although  a  few  random  deaths  were 
observed  after  each  challenge,  the  mortality  data  (Table  6) 
indicated  that  the  vast  majority  of  mice  were  protected  for  a 
year  against  Karp  strain  challenge  doses  exceeding  10?  MLD5Q. 
Meaningful  immunity  indices  could  not  be  calculated  because  most 
mice  survived  the  largest  challenge  doses  employed. 

This  study  indicated  that  the  conditions  previously  established 
for  inactivation  of  R  tsutsugamushi  strain  Karp  by  gamma-radia¬ 
tion  (6)  generally  are  applicable  to  other  strains  of  scrub 
typhus  rickettsiae.  Use  of  these  immunogens  as  single-strains 
or  multi-strain  combinations  with  broad  spectrum  challenge 
delineated  unexpected  relationships  among  the  rickettsial 
strains  and  revealed  synergistic  effects  operative  during  multi¬ 
strain  immunization. 

All  single-strain  immunogens  elicited  high  levels  of  protection 
against  Karp  and  Gilliam.  This  was  interesting,  because  previous 
serologic  studies  with  these  2  strains,  employing  complement 
fixation  tests  (4,9)  and  rickettsial-neutralization  tests  (10,14), 
had  indicated  that  they  were  antigenically  distinct,  although  a 
minor  complement-fixing  antigen  common  to  both  strains  had  been 
detected  (4) . 
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Table  5.  Duration  of  protection  In  mice  vaccinated  with  KGKt  trivalent  gamma-irradiated  scrub 
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The  Buie  and  Kostival  immunogens  appeared  to  be  broadly  reactive 
eliciting  moderate  to  high  levels  of  protection  against  Karp, 
Gilliam,  and  homologous  strain  challenge  while  showing  low,  but 
detectable  levels  of  protection  against  each  other.  These  obser¬ 
vations  agree  with  previous  reports  of  broad  reactivity  for 
rabbit  anti-Buie  serum  in  cross-neutralization  tests  (10)  and  for 
formalinized  Kostival  immunogen  in  cross-vaccination  studies  (5) . 

As  predicted  by  our  preliminary  lethality  and  immunogenicity 
studies,  none  of  the  immunogens,  including  the  irradiated  Kato 
suspension,  protected  the  C3H  mice  against  Kato  challenge.  How¬ 
ever,  the  same  Kato  suspension  elicited  high  levels  of  protection 
against  Karp  and  Gilliam  in  C3H  mice  and  against  Kato  in  BALB 
mice,  indicating  that  the  limitation  of  the  C3H  model  was 
restricted  to  use  of  Kato  challenge.  We  can  offer  no  explanation 
for  the  phenomenon  at  this  time,  although  it  does  illustrate  the 
importance  of  ascertaining  the  limitations  of  an  animal  model. 

Previous  studies  with  mixed,  formalinized  immunogens  (5) 
indicated  that  a  reduction  in  protection  against  each  challenge 
strain  occurred,  and  was  proportional  to  the  dilution  effect 
achieved  by  mixing  the  immunogens.  Nevertheless,  the  demon¬ 
strable  superiority  of  gamma-irradiated  immunogens  (6)  and  the 
pronounced  cross-protection  observed  against  Karp  and  Gilliam 
with  the  single-strain  immunogens  (Table  3)  encouraged  us  to 
attempt  the  use  of  multi-strain  combinations  in  this  study.  We 
chose  to  use  3  immunogen  strains  because  the  3-injection  regimen 
allowed  combination  of  Karp,  Gilliam,  and  Kato  by  sequential 
injection  in  single-strain  form  on  successive  vaccination  days, 
as  well  as  injection  of  a  pre-mixed  suspension.  We  also  examined 
2  other  combinations  employing  the  Buie  and  Kostival  strains, 
since  results  of  the  single-strain  study  suggested  they  were 
slightly  more  immunogenic  than  Karp  or  Gilliam.  The  principal 
result  of  using  any  of  the  multi-strain  combinations  was  a  vast 
improvement  in  the  breadth  and  level  of  protection  over  that 
afforded  mice  vaccinated  with  any  of  the  single-strain  immunogens. 
For  the  first  time,  vaccinated  C3H  mice  resisted  significant 
levels  of  Kato  challenge.  This  was  particularly  striking  after 
immunization  with  the  trivalent  mixtures,  and  could  not  be 
attributed  to  increased  immunogen  mass  as  less  Kato  was  present 
in  the  KGKt  mixture  than  had  been  employed  in  the  single-strain 
vaccination  studies.  Protection  against  Buie  challenge  also 
increased  when  immunogen  combinations  were  used,  with  the  immu¬ 
nity  index  rising  from  3.0  after  single-strain  Buie  immunization 
to  4.5  with  the  KGKt  trivalent  mixture.  The  immunity  indices 
achieved  for  Karp,  Kostival,  and  Gilliam  challenges  after  vacci¬ 
nation  with  trivalent  mixtures  were  generally  similar  to  those 
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attained  against  homologous  strain  challenge  with  single-strain 
immunogens. 

In  order  to  fully  evaluate  the  efficacy  of  the  trivalent  immuno¬ 
gens  in  mice,  it  was  necessary  to  examine  the  duration  of  pro¬ 
tective  immunity,  In  a  previous  study  (7)  we  reported  that  BALB 
mice  vaccinated  with  Karp  immunogen  retained  immunity  to  challenge 
with  lO^  MLD50  of  Karp  for  9  months,  but  became  susceptible  to 
challenge  with  low  levels  of  Kato  after  only  3  months.  In  con¬ 
trast,  mice  convalescent  from  sublethal  R  tsutsugamushi  infec¬ 
tion  have  been  shown  to  resist  intraperitoneal  inoculation  of 
10^  MLDijq  of  homologous  strain  organisms  for  at  least  610  days 
(15) ,  and  in  this  study  the  majority  of  BALB  mice  convalescent 
from  sublethal  Gilliam  infection  resisted  heterologous  strain 
challenge  with  10^  MLDijq  of  Karp  for  1  year.  In  comparison,  the 
trivalent  KGKt  gamma-irradiated  immunogen  elicited  reduced,  but 
significant  levels  of  protection.  C3H  mice  resisted  challenge 
with  103  MLD50  of  Karp  and  10^  MLD50  of  Gilliam  for  12  months, 
and  it  is  likely  that  a  similar  level  of  protection  was  main¬ 
tained  against  Kostival  challenge.  Immunity  indices  for  Kato 
and  Buie  challenges  remained  at  acceptable  levels  in  C3H  mice 
for  only  6  months,  although  the  vaccinated  BALB  mice  continued 
to  resist  challenge  with  10^  MLD50  of  Kato  for  12  months. 

These  vagaries  in  mouse  response,  most  evident  in  the  C3H-Kato 
interaction,  emphasize  the  effect  of  the  animal  model  on  testing 
of  scrub  typhus  immunogens.  In  this  study,  use  of  either  BALB 
or  C3H  mice  alone  would  have  presented  a  biased  view  of  the 
effectiveness  of  irradiated  rickettsiae.  Thus,  sole  use  of  BALB 
mice  would  have  limited  the  number  of  challenge  strains  employed 
and  prevented  us  from  observing  the  synergistic  effect  produced 
by  vaccination  with  polyvalent  immunogens.  Conversely,  use  of 
only  C3H  mice  would  have  led  to  the  conclusion  that  radiation  was 
totally  unsuitable  for  the  preparation  of  Kato  immunogens.  Inter¬ 
pretation  of  data  from  both  strains  of  mice  revealed  that  the 
KGKt  trivalent  immunogen  induced  protective  immunity  to  broad 
spectrum  challenge  for  6  months.  Studies  are  currently  in  pro¬ 
gress  to  prepare  trivalent  scrub  typhus  immunogen  from  rickett¬ 
siae  grown  in  appropriate  cell  culture  for  testing  in  sub-human 
primates. 
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2.  Gamma-irradiated  scrub  typhus  immunogens:  analysis  for  resi¬ 
dual,  replicating  rickettsiae. 

In  a  recent  study  (6),  BALB/cDub  (BALB/c)  mice  vaccinated  with 
gamma-irradiated,  Karp  strain  scrub  typhus  immunogens  resisted 
challenge  with  200  50%  mouse  lethal  doses  (MLD50)  of  untreated, 
virulent  homologous  strain  rickettsiae  that  had  been  introduced 
artificially  into  the  immunogen  inoculum  just  prior  to  vaccina¬ 
tion.  Additional  experiments  conducted  in  that  study  indicated 
that  the  phenomenon,  termed  "radiation  masking",  was  attributable 
to  early  development  of  strain-specific  immunity  induced  by  the 
massive  dose  of  inactivated  rickettsiae  introduced  in  the  initial 
injection  of  immunogen.  Although  the  vaccinated  mice  showed  no 
signs  of  active  infection  after  receiving  immunogen  containing 
2  to  200  MLD50  of  virulent  Karp  rickettsiae,  transfer  of  homo¬ 
genized  spleen  cells  from  these  mice  caused  lethal  infections  in 
normal  syngeneic  recipients.  Thus,  the  donors  had  sustained  and 
survived  infections  that  would  have  been  lethal  for  unprotected 
mice.  Similar  results  were  obtained  when  the  experiments  were 
repeated  using  BALB/c,  C3H/HeDub  (C3H),  and  outbred  WRC:(ICR) 
mice  (G.  H.  G.  Eisenberg,  Jr.  and  J.  V.  Osterman,  Unpublished 
Data),  The  results  suggested  that  previous  assumptions  made 
about  infectivity  and  safety  of  irradiated  suspensions  of  R 
tsutsugamushi  may  not  be  valid.  Survival  of  vaccinated  mice  is 
not  sufficient  evidence  to  prove  rickettsial  inactivation  is 
complete  and  potentially  virulent  organisms  are  absent  from  an 
inoculum. 

Transfer  of  spleen  cell  homogenates  from  vaccinated  to  unvacci¬ 
nated  mice  represents  another  method,  in  addition  to  plaque 
titration  in  tissue  vulture  (16),  that  can  be  used  to  evaluate 
gamma-irradiated  rickettsial  suspensions  for  the  presence  of 
"masked"  residual,  replicating  rickettsiae.  The  purpose  of 
this  study  was  to  compare  the  efficacy  of  spleen  cell  homo¬ 
genate  transfer  and  plaque  titration  in  detecting  viable  ric¬ 
kettsiae  in  irradiated  suspensions  of  Karp,  Gilliam  and  Kato, 

Regression  analysis  of  gamma-irradiation  dose-lethality  curves 
for  each  of  the  three  rickettsial  suspensions  used  indicated 
that  the  minimum  radiation  dose  required  for  total  inactivation 
of  the  rickettsiae  was  170  Krad  for  Karp,  180  Krad  for  Gilliam, 
and  190  Krad  for  Kato.  Aliquots  of  each  rickettsial  strain  pre¬ 
paration  were  exposed  to  irradiation  doses  of  150,  200,  250,  and 
300  Krad  (6),  and  stored  at  -70C.  Plaque  titrations  were  per¬ 
formed  as  previously  described  (16).  Each  of  15  culture  dishes 
of  irradiated  L-929  cells  was  inoculated  with  0.2  ml  of  the 
appropriate  rickettsial  suspension  diluted  1:4  in  brain  heart 
infusion  broth.  Female  C3H  mice  (Flow  Laboratories,  Inc., 
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Dublin,  VA),  18  to  22  g,  were  used  for  in  vivo  testing.  Irra¬ 
diated  rickettsial  suspensions  were  given  by  intraperitoneal 
injection  in  a  standard  volume  of  0.2  ml.  Donor  mice  were  killed 
for  spleen  cell  harvest  24  days  after  injection  of  the  irradiated 
20%  yolk  sac  suspension.  Homogenates  were  prepared  from  the 
pooled,  unfractionated  spleen  cell  suspensions  (17),  and  1  mouse 
spleen-equivalent  of  homogenate  was  injected  intraperitoneally 
into  each  recipient  mouse.  Recipients  were  observed  for  deaths 
occurring  6  to  28  days  after  transfer.  Surviving  recipients 
were  challenged  with  1,000  MLD50  of  fully  virulent,  homologous 
strain  rickettsiae  and  observed  for  an  additional  28  days. 

The  gamma  irradiation  dose  of  150  Krad  was  lower  than  the  calcu¬ 
lated  minimum  inactivation  dose  for  any  of  the  3  scrub  typhus 
strains.  This  exposure  dose  was  selected  to  permit  evaluation 
of  the  sensitivity  of  the  2  analytical  methods  to  detect  mini- 
S( ule  numbers  of  viable,  active  rickettsiae  present  in  an 
immunogen  preparation  that  had  been  inadequately  irradiated. 

Results  for  the  two  analytical  procedures  are  shown  (Table  7). 
Residual,  replicating  rickettsiae  were  detected  by  both  proce¬ 
dures  in  the  Gilliam  and  Kato  suspensions  irradiated  at  150  Krad, 
whereas  "masked"  rickettsiae  in  the  150  Krad-treated  Karp  suspen¬ 
sion  were  detected  only  by  the  in  vivo  procedure.  The  estimated 
concentration  of  viable  rickettsiae  in  the  Gilliam  and  Kato 
suspensions  was  10  plaque  forming  units  (pfu)  per  ml. 

Plaque  assay  for  rickettsiae  requires  the  cultures  to  be  incu¬ 
bated  for  19  days,  with  a  feeder  overlay  being  applied  on  day  9 
(16).  By  contrast,  mouse  inoculation  analysis  takes  a  longer 
time  to  complete,  but  involves  fewer  manipulations.  Thus,  when 
masking  of  organisms  occurs,  as  illustrated  by  the  Karp  and 
Gilliam  preparations,  the  total  time  consumed  will  approach  80 
days.  Homogenization  of  the  spleen  cells  prior  to  transfer 
normally  resulted  in  the  release  of  viable  rickettsiae  that 
induced  lethal  infections  in  the  recipients,  as  illustrated  by 
the  Gilliam  suspension  treated  at  150  Krad.  With  the  Karp  pre¬ 
paration,  however,  a  second  non-lethal  infection  occurred 
following  transfer  of  the  spleen  cell  homogenate.  This  inapparent 
infection  was  demonstrated  only  when  the  recipients  survived  a 
subsequent  challenge  with  1,000  MLD50  of  homologous  rickettsiae, 
a  dose  known  to  be  lethal  for  unprotected  mice.  Kato  immunogen 
does  not  protect  C3H  mice  against  Kato  challgene  (G.  H.  H. 
Eisenberg,  Jr.  and  J.  V,  Osterman,  Manuscript  in  Press);  therefore, 
the  presence  of  residual,  replicating  rickettsiae  is  readily 
demonstrable  upon  initial  injection  into  C3H  mice.  The  absence 
of  "masked"  Kato  rickettsiae  allowed  the  residual  organisms  to 
be  detected  in  the  same  time  interval  as  for  plaque  assay. 
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ng  previous  signs  of  disease. 


As  expected  from  the  calculated  minimum  radiation  doses,  residual 
organisms  only  were  detected  in  the  3  suspensions  exposed  to  150 
Krad,  In  previous  studies  (6,7),  however,  the  active  rickettsiae 
retained  the  ability  to  induce  lethal  infection  in  unprotected 
mice.  It  suffices  to  note,  for  the  purpose  of  this  study,  that 
the  transfer  of  spleen  cell  macerate  followed  by  challenge  inocu¬ 
lation  was  capable  of  detecting  the  presence  of  infectious 
organisms  even  if  they  exhibited  altered  virulence.  This  pheno¬ 
menon  of  altered  virulence  needs  and  warrants  further  investiga¬ 
tion  to  ascertain  whether  it  is  a  stable  deviation  and  whether 
it  occurs  sufficiently  often  to  be  of  value  in  vaccine  production. 

Neither  the  plaque  or  the  mouse  assay  indicated  the  presence  of 
viable  organisms  in  suspensions  exposed  to  200,  250,  or  300  Krad, 
The  one  recipient  mouse  that  died  on  day  24  after  injection  of 
spleen  macerate  from  donors  vaccinated  with  300  Krad  Kato  immuno¬ 
gen  undoubtedly  died  of  causes  unrelated  to  rickettsial  infection. 
This  mouse  did  not  exhibit  previous  signs  of  illness,  whereas 
unprotected  mice  normally  show  clinical  signs  two  to  three  days 
prior  to  death  and  most  deaths  occur  by  day  17  after  inoculation. 
Further,  "radiation  masking"  is  non-existant  in  the  Kato-C3H 
mouse  model  (18)  and  the  findings  were  negative  for  residual 
organisms  in  the  Kato  suspensions  exposed  to  200  and  250  Krad. 

The  combination  of  plaque  assay  and  spleen  macerate  in  vivo 
analysis  was  of  sufficient  sensitivity  to  detect  miniscule  numbers 
of  residual,  replicating  rickettsiae  in  irradiated  scrub  typhus 
immunogens.  Although  the  time  required  for  completion  of  analysis 
was  increased  by  approximately  four-fold,  the  in  vivo  procedure 
exhibited  the  greatest  degree  of  sensitivity.  Using  the  in  vivo 
procedure  as  designed,  both  virulent  and  avirulent  residual 
rickettsiae  were  detected. 

3.  Adjuvant  effect  of  Coxiella  burneti  vaccine  and  soluble  phase 
I  Coxiella  burneti  antigen  "on  Immune  response  to  gamma- irra¬ 
diated  scruFTyphus  immunogens. 

Gamma-irradiated  scrub  typhus  immunogens  have  been  shown  to  induce 
Immune  responses  in  mice  that  would  protect  against  high  homolo¬ 
gous  challenge  levels  (6,7,18,19).  Broad-spectrum  protection  was 
achieved  by  using  a  combination  of  3  strains  (18).  The  trivalent 
Karp-Gilliam-Kato  immunogen  elicited  protection  levels  lasting  a 
minimum  of  12  months. 

Agents  capable  of  specifically  modifying  host  immune  responses  in 
a  beneficial  manner  against  infectious  agents  are  being  sought  and 
studied  because  they  may  provide  an  additional  modality  for  the 
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prevention  and  treatment  of  disease.  A  large  number  of  agents, 
microbial  and  chemical,  have  been  shown  to  be  capable  of  modula¬ 
ting  the  host  immune  response.  We  decided  to  investigate  the 
adjuvant  potential  of  Coxiella  burneti  to  enhance  nonspecifi- 
cally  the  immune  response  to  gamma-irradiated  scrub  typhus 
immunogens.  A  commercially  produced  extract  of  C  burneti  for 
use  as  antigen  in  the  complement  fixation  test  afforded  protec¬ 
tion  to  mice  against  subsequent  infection  with  Babesia  spp  and 
Plasmodium  spp  (20),  and  the  lipopolysaccharide  component,  as 
well  as  killed  intact,  C  burneti  was  reported  to  induce  activa¬ 
tion  of  guinea  pig  macrophages  (21).  Further,  immunization  of 
military  troops  against  this  organisms  would  be  desirable  in 
endemic  areas  of  the  world. 

Mice.  Female  BALB/c  mice,  18  to  22  g,  obtained  from  Flow  Labora¬ 
tories,  Dublin,  VA,  were  used. 

Rickettsiae.  The  Karp  strain  (53rd  egg  passage)  and  Kato  strain 
(200th  egg  passage)  of  Rickettsia  tsutsugamushi  were  propagated, 
stored,  and  quantified  by  methods  reported  previously  (11). 
Suspensions  used  had  a  titer  >  1  x  10®  MLDso/g  of  yolk  sac. 

Rickettsial  immunogen.  Radiation- inactivated  Karp  immunogens 
were  prepared  by  exposing  20%  yolk  sac  suspensions  of  the  Karp 
strain  to  300  Krad  gamma  radiation  as  described  previously  (6). 

Coxiella  burneti  immunogens.  Q  fever  vaccine  (phase  I,  inacti¬ 
vated,  dried,  code  No.  NDBR  105)  and  soluble  phase  I  £  burneti 
antigen  (aqueous)  were  obtained  from  Dr.  R.  Wachter,  USAMRIID, 

Ft.  Detrick,  MD,  The  Q  fever  vaccine  (NDBR)  was  diluted  with 
0.85%  NaCl  solution  to  contain  2  ug  of  mass/0.2  ml  and  the 
soluble  phase  I  antigen  (Sol  Ph  I)  was  diluted  to  4  ug  of 
protein/0,2  ml. 

Vaccination  and  challenge.  All  injections  of  rickettsiae  and 
rickettsial  antigens  were  given  intraperitoneally  (ip)  and  injec¬ 
tions  of  C  burneti  antigens  were  administered  subcutaneously  (sc) , 
each  in  a  standard  volume  of  0.2  ml.  On  day  -4,  one  group  of  mice 
was  given  NDBR  (2ug/mouse)  and  a  second  group  was  given  Sol  Ph  I 
(4ug/mouse).  Third  and  fourth  groups  of  mice  received  NDBR  and 
Sol  Ph  I,  respectively,  on  day  0.  Simulataneously  on  day  0  mice 
in  each  group  were  vaccinated  with  Karp  immunogen  using  dilutions 
in  10-fold  increments  calculated  to  encompass  dose  ranges  between 
10®  and  10®  MLD50  (expressed  as  MLD50  units  based  on  titration 
before  irradiation) .  Challenge  doses  (1000  LD  50)  of  Karp  (homo¬ 
logous  strain)  or  Kato  (heterologous  strain)  were  injected  30  days 
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after  the  vaccination  regimen.  On  the  day  of  challenge,  standard 
suspensions  of  the  challenge  inocula  were  titrated  in  normal  control 
mice.  Deaths  occurring  6  to  28  days  postchallenge  were  quantified. 
The  logiQ  MLDjq  and  standard  deviation  were  calculated  by  the 
Spearraan-Karber  method  (12) .  The  50%  protective  dose  (PD50)  was 
expressed  in  MLD50  units  by  calculating  the  difference  between  the 
logiQ  of  the  50%  protective  dilution  and  the  log^Q  of  the  MLD^q  of 
the  unirradiated  suspension. 

Results  observed  in  the  PD50  values  are  shown  in  Table  8.  Protec¬ 
tive  doses  for  homologous  and  heterologous  challenge  were  quite 
similar  for  the  immunogens  Karp,  Karp  simultaneously  with  NDBR  or 
Sol  Ph  I,  and  Karp  after  Sol  Ph  I.  When  Karp  immunogen  was  adminis¬ 
tered  4  days  after  NDBR  there  appeared  to  be  a  slight  potentitation 
of  the  immune  response;  however,  the  degree  of  enhancement  observed 
was  not  statistically  significant. 

Potentiation  of  the  immune  response  to  a  given  antigen  in  the 
presence  of  adjuvants  has  been  reported  for  many  biological  systems 
(22),  often  resulting  in  a  multi-fold  increase  in  immune  resistance. 
The  mechanisms  of  action  of  adjuvants  on  stimulating  the  immune 
responses  currently  has  not  been  defined,  and  most  likely  involves 
one  or  more  of  several  modes.  The  practical  use  of  adjuvants 
depends  on  definition  of  the  relationship  of  adjuvant  to  potential 
antigen. 

In  this  study,  significant  enhancement  was  not  observed  of  the 
immune  response  to  scrub  typhus  immunogen  when  C  burneti  immunogens 
were  used  as  adjuvants.  Recent  studies  in  this  laboratory  (18) 
demonstrated  the  development  of  broad-spectrum  protection  to  scrub 
typhus  following  administration  of  trivalent  gamma-irradiated  R 
tsutsugamushi  immunogen.  Additional  studies  will  elucidate 
whether  the  C  burneti  NDBR  vaccine  will  exert  a  potentiating  effect 
when  given  prior  to  this  trivalent  mixture. 

4.  Nonspecific  resistance  of  mice  to  infection  with  scrub  typhus 
rickettsiae. 

Mouse  peritoneal  macrophages  activated  in  vivo  during  scrub  typhus 
infection,  or  in  vitro  with  lymphokines,  were  nonspecifically 
tumoricidal  and  refractory  to  Rickettsia  tsutsugamushi  infection 
in  vitro.  Analysis  of  the  rickettsiacidal  activity  of  activated 
macrophages  suggested  2  distinct  mechanisms:  (1)  an  immediate 
decrease  in  infectivity  of  rickettsiae  for  macrophages  and  (2)  a 
subsequent,  24  hr,  increase  in  intracellular  killing  of  the 
rickettsiae  (Table  9). 
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Table  8.  Adjuvant  effect  of  Coxiella  bruneti  Immunogens  on  Immunity  induced  by  Karp  strain 
Rickettsia  tsutsugamushi  gamma— irradiated  immunogen. 
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Early  host  response  to  experimental  scrub  typhus  infection,  prior 
to  the  development  of  humoral  immunity,  involves  macrophages  and 
T  lymphocytes.  In  order  to  study  the  mechanism(s)  of  rickettsiae- 
macrophage  interaction  during  this  time,  nonspecific  resistance 
to  scrub  typhus  was  induced  by  intraperitoneal  injection  of 
Mycobacterium  bovis,  strain  BCG.  Susceptible  mice  were  protected 
against  various  challenge  doses  of  the  Gilliam  and  Karp  strains 
of  R  tsutsugamushi  (Table  10) .  Complete  protection  was  not 
achieved  with  prior  BCG  treatment  against  challenge  with  a  third 
major  antigenic  strain,  Kato;  however,  survival  of  these  mice 
was  prolonged  4  to  6  days. 

Activated  macrophages  obtained  from  BCG-infected  mice  at  the  time 
of  rickettsial  challenge  demonstrated  both  rickettsiacidal  and 
tumoricidal  activity  in  vitro  (Table  11) .  The  ability  of  macro¬ 
phages  from  BCG-infected  mice  to  kill  rickettsiae  was  similar  to 
that  observed  with  macrophages  obtained  from  mice  with  regressing 
scrub  typhus  infection.  This  rickettsiacidal  activity  of  macro¬ 
phages  from  BCG-infected  mice  clearly  demonstrated  the  nonspecific 
nature  of  the  rickettsiae-macrophage  interaction. 

The  nonspecific  resistance  of  mice  to  R  tsutsugamushi  infection 
following  treatment  with  BCG  was  not  due  solely  to  inflammatory 
responses  by  the  host.  Sterile  irritants  (phosphate-buffered 
saline,  latex  beads,  and  thioglycollate)  did  not  induce  protection 
against  rickettsial  infection  (Table  12).  Macrophages  obtained 
from  sterile  irritant-stimulated  mice  at  the  time  of  rickettsial 
challenge  did  not  kill  rickettsiae  unless  the  macrophages  subse¬ 
quently  had  been  activated  in  vitro  by  lymphokines. 

Nonspecific  resistance  to  rickettsial  infection  depended  upon  the 
presence  of  activated  macrophages  for  a  critical  time  following 
challenge.  Acute  immune  responses  in  mice  initiated  by  intraperi¬ 
toneal  inoculation  of  PPD,  intraperitoneal  inoculation  of  PPD  10 
days  after  infection  intradermally  with  BCG,  or  intraperitoneal 
inoculation  with  concanavalin  A  did  not  protect  against  challenge 
with  either  Gilliam  or  Karp  strains  of  R  tsutsugamushi  (Table  13) . 
Protection  was  afforded  to  those  mice  exhibiting  chronic  immune 
responses  stimulated  by  intraperitoneal  infection  with  BCG  or 
nonlethal  doses  of  Gilliam  scrub  typhus  rickettsiae.  However, 
macrophages  harvested  at  the  time  of  challenge  from  mice  treated 
with  macrophage  activating  agents  were  nonspecifically  rickett¬ 
siacidal  and  tumoricidal  (Table  14). 
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Table  9.  Rickettsiacidal  activity  of  resident  and  activated 
macrophages  by  R  tsutsugamushi.  strain  Gilliam. 


Treatment 

%  Rickettsiacidal 
Activity 

Immediate  24  hr 

/  Tumor 
Cytotoxicity 

Macrophages  from 
uninfected  mice: 
Medium 

0 

0 

7 

Lymphokines 

40 

75 

53 

Macrophages  from 
rickettsia- infected 
mice: 

Medium 

42 

88 

70 

Table  10.  Nonspecific  resistance  to  R  tsutsugamushl  induced  by 
inoculation  of  Mycobacterium  bovis,  strain  BCG. 


Rickettsial 

Challenge  Dose 

% 

Survival 

strain 

(login  MLDsn) 

Controls 

BCG  Infecteda 

Gilliam 

4 

0 

75 

3 

0 

100 

2 

0 

100 

1 

0 

100 

Karp 

4 

0 

75 

3 

0 

50 

2 

0 

75 

1 

0 

75 

a  Mice  were  challenged  with  R  tsutsugamushi  10  days  after 
inoculation  with  M  bovis »  strain  BCG. 


Table  11.  Rickettsiacidal  activity  of  macrophages  in  vitro 

following  treatment  of  mice  with  M  bovis,  strain  BCG. 


Treatment 
in  vivo 

Lymphokines 
in  vitro 

%  Rickettsiacidal 
Activity 
Immediate  24  hr 

%  Tumor 
Cytotoxicity 

None 

0 

0 

8 

+ 

40 

75 

47 

BCG 

- 

42 

86 

75 

R  tsutsugamushi 
strain  Gilliam 

- 

53 

86 

79 

Table  12.  Rickettsiacidal  activity  in  vitro  of  macrophages 
induced  by  sterile  irritants. 

Treatment 
in  vivo 

Lymphokines 
in  vitro 

%  Rickettsiacidal 
Activity 

Immediate  24  hr 

%  Tumor 
Cytotoxicity 

PBS 

0 

0 

10 

+ 

50 

80 

44 

Latex  Beads 

- 

0 

0 

11 

+ 

46 

60 

52 

Thioglycollate 

- 

0 

0 

8 

+ 

42 

68 

43 

None 

- 

0 

0 

10 

+ 

40 

78 

41 
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Table  13.  Survival  of  rickettsial  challenge  following  inoculation 
_ of  macrophages  activating  agents. _ 


Treatment  %  Survival  1000  MLD5()  Challenge 

in  vivo  _ Gill  jam _ Karp 


Intraderma 1  BCG 

0 

0 

Intradermal  BCG  + 

0 

0 

intraperitoneal  PPD 

Intraperitoneal  PPD 

0 

0 

Intraperitoneal 

0 

0 

concana valin  A 

Intraperitoneal  BCG 

100 

75 

Intraperitoneal  Gilliam 

100 

100 

(nonlethal  dose) 

Untreated 

0 

0 

Table  14.  In  vivo  activation  of  macrophages  for  killing  of 
Rickettsia  tsutsugamushi  . 


Treatment 
in  vivo 

%  Rickettsiacidal 
Activity 

Immediate  24  hr 

%  Tumor 
Cytotoxicity 

Intradermal  BCG 

0 

6 

14 

Intradermal  BCG  + 

36 

74 

50 

intraperitoneal  PPD 

Intraperitoneal  PPD 

0 

0 

17 

Intraperitoneal 

0 

50 

48 

concanavalin  A 

Intraperitoneal  BCG 

46 

72 

57 

Intraperitoneal  Gilliam 

48 

80 

72 

(nonlethal  dose) 

Untreated 

0 

0 

12 
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5.  Macrophage  activation  in  vitro  for  killing  of  Rickettsia 
tsutsugamushi .  ~ 


The  pathogenesis  of  rickettsial  infections  in  susceptible  animals 
is  complex  and  poorly  understood.  Wide  variation  exists  not  only 
in  the  interaction  of  different  rickettsial  species  with  a  single 
host,  but  in  the  response  of  different  hosts  to  a  particular  strain 
of  rickettsia  (23,24).  A  role  for  cellular  immunity  in  resistance 
to  rickettsial  diseases  was  suggested  by  both  experimental  and 
clinical  studies  that  documented  the  development  of  cell-mediated 
immune  responses  following  infection  (25,26).  The  precise  nature 
of  cellular  immunity  during  rickettsial  infection  is  still  largely 
unknown.  Several  lines  of  evidence  suggested  that  the  macrophage, 
as  in  infections  with  other  obligate  intracellular  organisms  (27, 
28,29),  may  be  a  major  effector  cell  in  antirickettsial  immunity. 
Rickettsiae  preferentially  infect  endothelial  cells  of  small  blood 
vessels,  and  macrophages  with  intracellular  organisms  are  regularly 
detected  in  the  perivascular  inflammatory  infiltrates  (E.  Ewing, 
personal  communication).  Studies  with  Rickettsia  mooseri  and 
Coxiella  burnetii  have  described  in  vitro  model  systems  in  which 
macrophages  treated  with  supernatants  of  mitogen-stimulated  leuko¬ 
cyte  cultures  (30)  or  exposed  to  immune  serum-treated  rickettsiae 
(31,32)  developed  enhanced  rickettsiacidal  activity.  An  early  and 
vigorous  development  of  T  cell  immunity  has  been  demonstrated 
during  experimental  scrub  typhus  infection,  and  protection  could 
be  passively  transferred  with  T-cell  enriched  murine  spleen  cells 
(33) .  We  have  recently  demonstrated  a  role  for  activated  macro¬ 
phages  in  resistance  to  Rickettsia  tsutsugamushi,  the  etiologic 
agent  of  scrub  typhus  (34) ,  Macrophage  cultures  activated  in 
vitro  with  supernatants  of  antigen-stimulated  spleen  cells  of 
rickettsiae-infected  mice,  or  in  vivo  during  nonlethal  scrub 
typhus  infection,  were  refractory  to  infection  with  R  tsutsugamushi, 
strain  Gilliam,  in  vitro.  We  have  further  analyzed  the  interaction 
of  soluble  products  from  spleen  cells  of  rickettsiae-infected  mice 
and  normal  macrophages,  and  described  both  lymphokine  concentra¬ 
tion-dependence  and  the  kinetics  of  macrophage  activation  for 
rickettsial  killing.  Lymphokine- treated  macrophages  exhibited 
potent  anti-rickettsial  activity  in  vitro  which  was  the  net  result 
of  at  least  2  distinct  mechanisms. 

Animals.  Adult  female  BALB/c  mice,  18-22  g,  were  purchased  from 
Flow  Laboratories,  Dublin,  VA.  C3H/HeN  male  mice  were  obtained 
from  the  Division  of  Research  Sciences,  National  Institute  of 
Health,  Bethesda,  MD. 

Spleen  cell  culture  supernatants.  BALB/c  mice  were  infected 
intraperitoneally  (ip)  with  a  sublethal  inoculum  (1000  plaque 
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forming  units  (PFU))  of  R  tsutsugamushi,  strain  Gilliam.  Spleens  j 

were  removed  21  days  after  infection,  minced,  and  passed  through 
50  mesh  stainless  steel  sieves  into  tissue  culture  medium  RPMI 
1640.  Spleen  cells  were  centrifuged  at  500  x  g  for  10  min  at  4  C, 
washed  twice  in  medium,  and  resuspended  to  a  concentration  of 
5  x  10^  viable  cells/ml.  Twenty  ml  of  spleen  cell  suspension 
with  and  without  heat-killed  rickettsiae  (2  x  106  rickettsiae/ml) 
were  incubated  in  75  cm2  plastic  flasks  for  30  hr  at  37  C.  Super¬ 
natant  fluids  from  replicate  cultures  were  pooled,  centrifuged  at 
500  x  g  for  10  min  at  4  C,  and  passed  through  a  0.2  um  Nalgene 
filter.  Aliquots  were  stored  at  4  C  until  use.  Lymphokine-con- 
taining  culture  supernatants  retained  their  activity  for  6  months 
or  longer. 

Peritoneal  cells.  Resident  peritoneal  cells  (PC)  from  untreated 
BALB/c  mice  were  collected  after  ip  injection  of  6  to  8  ml  L-15 
medium  supplemented  with  2%  heat-inactivated  fetal  bovine  serum 
(FBS),  50  ug/ml  of  gentamicin,  and  10  U/ml  of  sodium  heparin. 

Peritoneal  fluid  was  withdrawn  through  the  ventral  abdominal  wall 
with  a  20  gauge  needle.  Fluids  from  3  to  10  mice  were  pooled, 
samples  were  removed  for  differential  and  total  cell  counts,  and 
the  remainder  was  centrifuged  at  500  x  g  for  10  min  at  4  C. 

Differential  counts  were  made  on  Wright-stained  cell  smears  pre¬ 
pared  by  cytocentrifugation.  Washed  PC  suspensions  were  adjusted 
to  1  x  106  macrophages/ml  in  RPMI  1640  with  10%  FBS.  Macrophages 
were  exposed  to  spleen  cell  culture  supernatants  as  adherent  PC 
monolayers.  PC  suspensions  (2.5  x  10&/2. 5  ml)  were  added  to  35  mm 
culture  wells  with  glass  coverslips  and  incubated  in  dilutions  of 
spleen  cell  supernatants  for  4  hr.  In  certain  experiments,  unfrac¬ 
tionated  PC  suspensions  were  treated  with  spleen  cell  supernatants 
(5  x  105  macrophages/0.5  ml)  in  polypropylene  tubes. 

Estimation  of  rickettsial  growth  in  peritoneal  macrophages.  R  tsu¬ 
tsugamushi,  strain  Gilliam,  was  stored,  propagated,  and  quantified 
as  previously  described  (16).  Viable  organisms,  approximately  15 
PFU/macrophage,  were  added  to  unfractionated  or  adherent  PC 
cultures  and  incubated  for  1  hr  with  rotation  of  culture  plates 
or  shaking  of  tubes  every  10  min.  Infected  PC  were  washed  twice 
to  remove  extracellular  rickettsiae  and  incubated  for  an  additional 
0  to  24  hr  at  34  C  with  CO2  in  moist  air  in  medium  or  dilutions  of 
spleen  cell  supernatants.  The  percentage  of  macrophages  with 
intracellular  rickettsiae  was  determined  for  adherent  PC  cultures 
by  examination  of  Gierasa-stained  cells  on  glass  coverslips  removed 
from  culture  wells.  For  unfractionated  PC  suspensions,  percentage 
of  infected  macrophages  was  determined  by  examination  of  Giemsa- 
stained  cell  smears  prepared  by  cytocentrifugation.  Results  were 
expressed  as  mean  percent  rickettsiae-free  macrophages  i  standard 
error  of  the  mean  for  4  observations  made  on  duplicate  cultures. 
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The  numbers  of  viable  intracellular  rickettsiae  were  estimated  by 
titration  of  macrophage  lysates  for  plaque  formation  in  irradiated 
L-929  cell  monolayers  (16).  Briefly,  PC  cultures  with  1  x  10^ 
macrophages /ml  were  treated  with  medium  or  1/10  dilution  of  lym- 
phokines  for  4  hr.  Cultures  were  washed  and  exposed  to  viable 
rickettsiae  at  a  multiplicity  of  infection  of  about  15  PFU/macro- 
phage  for  1  hr.  Infected  cultures  were  washed,  adjusted  to  equal 
macrophage  concentrations  and  either  lysed  immediately  by  blending 
in  a  Sorvall  blender  with  microadapter  or  incubated  in  medium  or 
lymphokines  for  an  additional  18  hr,  then  lysed.  Lysates  from 
equal  numbers  of  macrophages  were  titrated  in  L-929  monolayers. 
Results  are  expressed  as  mean  number  of  plaques  +  standard  error 
of  the  mean  in  3  to  6  L-929  monolayers  for  3  separate  dilutions 
of  macrophage  lysate. 

Macrophage  induced  tumor  cytotoxicity.  Peritoneal  exudate  cells 
from  C3H/HeN  mice  treated  18  to  24  hr  previously  with  1.0  ml  of 
0.02  M  phosphate-buffered  saline  (PBS)  were  collected  and  cultured 
for  2  to  3  hr.  Non-adherent  PC  were  removed  by  repeated  washing 
and  the  adherent  PC  incubated  for  4  hr  with  dilutions  of  spleen 
cell  supernatants.  All  cultures  were  washed  and  incubated  with 
%TdR-labeled  mKSA  TU-5  tumor  cells  (4  x  10^  tumor  cells/well)  as 
previously  described  (35).  Cytotoxicity  was  estimated  by  measure¬ 
ment  of  %TdR  release  into  culture  supernatants,  and  expressed  as 
mean  cpm  +  standard  error  of  the  mean  for  triplicate  cultures,  and 
as  percent  total  counts.  Labeled  tumor  cell  monolayers  digested 
with  0.5%  sodium  dodecyl  sulfate  in  water  were  used  to  estimate 
total  counts. 

Rickettsial  growth  in  macrophage  cultures.  R  tsutsugamushi, 
strain  Gilliam,  infects  and  replicates  in  monolayer  cultures  of 
resident  peritoneal  macrophages  from  BALB/c  mice.  Intracellular 
rickettsiae  were  evident  in  20  to  30%  of  macrophages  exposed  to 
15  PFU  R  tsutsugamushi/cell  for  1  hr.  Numbers  of  infected  macro¬ 
phages,  as  well  as  number  of  intracellular  rickettsiae/macrophage, 
increased  with  time  in  culture.  Recent  experiments  using  unfrac¬ 
tionated  peritoneal  cells  and  a  range  (3  to  30)  of  PFU  rickettsiae/ 
cell  confirmed  the  earlier  observations  (Table  15). 

Rickettsiacidal  activity  in  macrophage  monelayers  treated  with 
spleen  cell  culture  supernatants.  Rickettsiae-macrophage  inter¬ 
actions  were  markedly  affected  by  prior  treatment  of  macrophage 
monolayers  with  culture  supernatants  of  spleen  cells  from 
rickettsiae-infected  mice  (Table  16).  Specifically,  culture 
supernatants  of  spleen  cells  incubated  with  or  without  heat- 
inactivated  rickettsiae  were  added  for  4  hr  to  monolayers  of 
adherent  peritoneal  cells  (greater  than  90%  macrophages)  from 


989 


Table  15.  Growth  of  Rickettsia  tsutsugamushi,  strain  Gilliam,  in 
cultures  of  nonactivated  macrophages  from  BALB/c  mice. 


Time 

Percent  macrophages 
infected 

Average  number  rickettsiae/ 
infected  macrophage 

1  hour 

21  +  la 

1.3b 

1  day 

25  +  1 

3.3 

2  day 

25  +  1 

4.6 

3  day 

36  +  3 

7.8 

4  day 

61  +  4 

15.2 

8  Value  +  standard  error  of  the  mean. 
b  A  minimum  of  150  infected  macrophages  was  examined. 


Table  16.  Rickettsial  infection  of  normal  BALB/c  macrophage  monolayers  treated  with  super¬ 
natants  of  spleen  cell  cultures  from  infected  mice  and  normal  mice. 
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normal  mice  after  which  time  the  monolayers  were  washed  and  infec¬ 
ted  with  viable  rickettsiae  for  1  hr.  Percentage  of  macrophages 
with  intracellular  rickettsiae  was  determined  by  microscopic  exam¬ 
ination  of  stained  cell  smears  immediately  after  infection  and  24 
hr  later.  Immediately  after  the  1  hr  exposure  to  viable  organisms, 
the  percentage  of  macrophages  free  of  intracellular  rickettsiae 
was  significantly  increased  (approximately  twice  that  of  medium- 
treated  controls)  in  macrophage  monolayers  treated  with  soluble 
products  (lymphokines)  of  spleen  cells  from  infected  mice  incubated 
with  heat-killed  rickettsiae.  Supernatants  of  spleen  cells  from 
control  mice  incubated  with  or  without  rickettsiae  had  little  or 
no  effect  on  the  number  of  rickettsiae-infected  maciophages .  By 
24  hr,  an  increase  in  rickettsiae-free  macrophages  was  evident  in 
monolayers  treated  with  supernatants  of  spleen  cells  from  infected 
mice  incubated  without  rickettsiae.  The  tumoricidal  activity  also 
was  measured  as  an  index  of  macrophage  activation  (Table  16) . 

There  was  complete  correlation  between  the  increase  in  rickettsiae- 
free  macrophages  and  the  development  of  tumoricidal  activity  in 
macrophage  cultures  treated  with  lymphokines  from  antigen-stimu¬ 
lated  spleen  cells  of  rickettsiae-infected  mice.  Supernatants  of 
spleen  cells  from  infected  mice  incubated  without  rickettsiae, 
while  enhancing  the  number  of  macrophages  resistant  to  rickettsial 
infection  in  24  hr,  did  not  activate  macrophages  for  tumor  cyto¬ 
toxicity. 

Rickettsial  infection  of  macrophage  cultures  treated  with  lympho¬ 
kines  prior  to  infection.  Macrophage  cultures  were  treated  with 
lymphokines  for  4  hr,  washed,  and  exposed  to  viable  rickettsiae 
for  1  hr.  Cultures  were  washed  after  infection  and  examined 
microscropically  at  24  hr  to  determine  percentage  of  infected 
macrophages.  Rickettsiae-free  macrophages  were  significally 
increased  in  lymphokine-treated  macrophage  cultures.  This 
increase  was  dependent  upon  lymphokine  concentration,  and  signifi¬ 
cant  activity  persisted  through  a  1:10  dilution  of  active  superna¬ 
tants.  Suppression  of  rickettsial  growth  in  macrophages  after 
lymphokine  pretreatment  was  equally  evident  in  both  adherent  PC 
monolayers  (90  to  95%  macrophages,  Table  16)  and  in  un fractions ted 
PC  suspensions  (50  to  60%  macrophages) .  Analysis  of  lymphokine 
effects  in  PC  suspensions,  however,  avoided  possible  artifacts 
associated  with  removing  adherent  cells  for  sampling,  or  with 
changes  in  cell  adherence  during  treatment,  and  was  therefore, 
used  for  the  remainder  of  these  studies.  Macrophages  were  treated 
with  a  1:10  dilution  of  active  supernatants  for  0  to  24  hr. 

Treated  macrophages  were  washed,  exposed  to  viable  rickettsiae  for 
1  hr,  and  examined  immediately  or  24  hr  later  for  percentage  of 
macrophages  with  intracellular  rickettsiae.  An  increase  in 
rickettsiae-free  macrophages  was  evident  with  1  hr  lymphokine  pre¬ 
treatment,  reached  maximal  levels  after  6  to  12  hr,  then 
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progressively  decreased  to  control  levels  by  24  hr.  This  time 
course  suggested  that  lymphokine  effects  on  rickettsiae-macrophage 
interaction  were  rapid  in  onset,  but  relatively  short-lived.  Loss 
of  lymphokine  effects  occurred  gradually  over  24  hr  in  culture, 
even  in  the  continued  presence  of  active  lymphokine-rich  supernatants. 
Comparison  of  the  numbers  of  rickettsiae-free  macrophages  immediately 
and  24  hr  after  infection,  for  each  time  of  lymphokine  treatment, 
strongly  suggested  that  the  major  mechanism  for  suppression  of 
rickettsial  infection  in  lymphokine-pretreated  macrophages  was  a 
decrease  in  the  ability  of  rickettsiae  to  enter  macrophages.  How¬ 
ever,  the  percentage  of  rickettsiae-free  macrophages  in  lymphokine- 
treated  cultures  24  hr  after  infection  was  slightly  but  consistenely 
greater  than  that  observed  immediately  after  infection,  which  sug¬ 
gested  that  intracellular  killing  of  rickettsiae  by  lymphokine 
activated  macrophages  may  occur  also.  This  possibility  was 
examined  by  analysis  of  rickettsial  infection  of  macrophages  treated 
with  lymphokines  after  infection. 

Rickettsial  infection  of  macrophage  cultures  treated  with  lympho¬ 
kines  after  infection.  Macrophage  cultures  were  exposed  to  viable 
rickettsiae  for  1  hr,  washed,  and  then  incubated  in  dilutions  of 
lymphokines  for  24  hr.  Rickettsiae-free  macrophages  were  signifi¬ 
cantly  increased  in  cultures  treated  with  lymphokines  after  infec¬ 
tion.  Microbicidal  activity  was  evident  through  a  1:40  dilution 
of  active  supernatants.  The  time  course  for  induction  of  macro¬ 
phage  rickettsiacidal  activity  was  examined  by  exposing  macrophage 
cultures  to  viable  rickettsiae  for  1  hr,  washing,  and  then  incu¬ 
bating  in  a  1:10  dilution  of  lymphokines  for  various  times  throuRh 
24  hr.  Cultures  were  examined  microscropically  for  percentage  of 
infected  macrophages  24  hr  after  exposure  to  rickettsiae.  Rickett¬ 
siacidal  activity  was  detected  as  early  as  1  hr  after  lymphokine 
treatment  with  maximal  levels  being  evidenced  within  4  hr  of  lym¬ 
phokine  treatment. 

Treatment  of  macrophage  cultures  with  lymphokines  4  hr  prior  to 
the  exposure  to  viable  rickettsiae  reduced  the  number  of  viable 
intracellular  rickettsiae  recovered  in  the  macrophage  lysate  to 
40%  of  that  recovered  from  medium-treated  cells  (Table  17).  The 
increase  in  intracellular  killing  of  lymphokine-activated  macro¬ 
phages  was  also  confirmed  by  plaque  titration  of  rickettsiae.  The 
number  of  viable  rickettsiae  recovered  from  infected  macrophages 
treated  with  lymphokines  for  18  hr  after  infection  was  reduced  to 
80%  of  that  recovered  from  medium-treated  cells.  The  largest  drop 
in  titer  of  intracellular  rickettsiae  occurred  in  macrophage  cul¬ 
tures  activator  by  lymphokines  prior  to  infection  and  reincubated 
in  lymphokines  for  18  hr.  These  cultures  demonstrated  a  90% 
decrease  in  viable  rickettsiae. 
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Table  17.  Titration  of  viable  rickettsiae  in  lysed  peritoneal 
cell  cultures  by  plaque  assay  in  irradiated  L929  cell 
monolayers. 


Sample  Time 

Peritoneal  Cell 
Culture  Treated 
With 

Plaque  Titer 
(xlO4) 

Reduction 

Viable 

Rickettsiae: 

EXPERIMENT  1: 
Immediate 

Medium 

16.0  +  1.5 

Lymphokines  prior 
to  infection 

6.0  +  0.3 

38% 

18  hour 

Medium 

14.6  +  1.2 

Lymphokines  prior 
to  and  after 
infection 

1.2  +  0.2 

92% 

EXPERIMENT  2: 
Immediate 

Medium 

7.0  +  0.3 

Lymphokines  prior 
to  infection 

4.3  +  0.2 

37% 

18  hour 

Medium 

5.9  +  0.4 

Lymphokines  after 
infection 

1.3  +  0.0 

78% 

Lymphokines  prior 
to  and  after 
infection 

0.7  +  0.1 

88% 

EXPERIMENT  3: 
Immediate 

Medium 

10.4  +  1.2 

Lymphokines  prior 
to  infection 

6.  0+  0.3 

39% 

18  hour 

Medium 

9.2  +  0.2 

Lymphokines  after 
infection 

2.2  +  0.6 

76% 

Lymphokines  prior 
to  and  after 
infection 

0.9  +  0.0 

91% 
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The  data  clearly  demonstrated  that  soluble  factors  in  culture 
supernatants  of  antigen-stimulated  spleen  cells  of  rickettsial- 
infected  mice  activate  resident  peritoneal  macrophage  populations 
to  kill  _R  Jtsutsugamushi,  strain  Gilliam.  Analysis  of  results 
suggested  that  this  rickettsiacidal  activity  was  mediated  by  at 
least  2  mechanisms:  (1)  decreased  infectivity  of  rickettsiae  for 
lymphokine- treated  macrophage  cultures,  and  (2)  increased  intra¬ 
cellular  killing  of  viable  rickettsiae  by  lymphokine-aetivated 
cells. 

Changes  in  the  macrophage  cell  membrane  occur  during  activation 
by  immune  reactions  in  vivo  or  by  lymphokine  treatment  in  vitro. 
These  changes  in  the  macrophage  cell  membrane  include  alteration 
in  the  glycocalyx  composition  (36),  cell  surface  antigens  (37), 
enzyme  activities  and  Fc  and  complement  receptors  (38) .  Altera¬ 
tion  in  numbers  or  affinity  of  macrophage  receptor  sites  for  rick¬ 
ettsial  penetration  by  membrane  changes  induced  after  lymphokine 
activation  could  account  for  the  40%  reduction  in  viable  intra¬ 
cellular  organisms  recovered  from  lymphokine-treated  cells 
immediately  after  infection. 

Decreases  in  rickettsial  infectivity  also  could  result  from  ela¬ 
boration  of  antibacterial  factors  by  lymphokine-aetivated  macro¬ 
phages  which  kill  or  metabolically  compromise  rickettsiae  in  the 
extracellular  environment.  Such  antibacterial  factors  are  respon¬ 
sible  for  the  killing  of  Listeria  monocytogenes  (39,40,41)  and 
Mycobacterium  bo vis  (42)  in  cultures  of  macrophages  activated  in 
vivo  as  a  consequence  of  chronic  infection,  and  by  antigen  of 
mitogen- induced  immune  responses.  The  techniques  used  in  this 
report  cannot  readily  distinguish  between  these  alternative 
mechanisms  for  decreased  infectivity;  therefore,  additional 
studies  are  needed  to  define  this  observation. 

Increased  intracellular  killing  of  viable  rickettsiae  by  lympho- 
kine-activated  macrophages  was  evidenced  by  the  number  of  viable 
rickettsiae  recovered  from  infected  macrophages  activated  by  lym- 
phokines  after  infection  being  reduced  to  70  to  80%  of  that 
recovered  from  control  macrophages.  Increased  microbicidal 
activity  of  activated  macrophages  has  been  documented  in  other 
systems  and  includes  a  broad  range  of  pathogens  from  viri ses  to 
protozoa  (27,28,29,43,44,45).  Interactions  previously  described 
for  activated  macrophages  with  most  of  the  facultative  or  obligate 
intracellular  parasites,  including  Coxiella  burneti,  were  depen¬ 
dent  upon  changes  in  the  rate  of  phagocytosis  and  phagolysosomal 
degradation.  This  was  not  the  case  with  other  rickettsiae, 
including  £  tsutsugamushi,  which  escape  normal  phagolysosomal 
degradation  processess.  After  penetration,  these  organisms 
multiply  freely  in  the  cytoplasm  of  infected  leukocytes  (46). 
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Rickettsiacidal  activity  of  activated  macrophages,  therefore,  must 
represent  effects  of  intracytoplasmic  killing  mechanisms  distinct 
from  the  potent  enzyme  systems  of  phago lysosomal  digestion.  The 
nature  of  this  microbicidal  mechanism  within  the  cytoplasmic  matrix 
currently  is  unknown.  A  recent  report  by  Nogueira  and  Cohn  (44) 
suggested  that  cytoplasmic  killing  of  intracellular  parasites  by 
activated  macrophages  may  not  be  limited  to  rickettsiae.  Macro¬ 
phages  treated  with  factors  from  antigen-stimulated  spleen  cells 
displayed  strong  microbicidal  activity  against  trypomastigotes  of 
Trypanosoma  cruzi .  Increased  microbicidal  activity  of  macrophages 
treated  with  these  factors  prior  to  infection  was  secondary  to 
changes  induced  within  the  phagolysosomal  system.  If,  however, 
trypomastigotes  were  allowed  to  escape  into  the  cytoplasm  of  the 
cell  and  spleen  cell  factors  were  added  only  after  infection, 
macrophages  were  also  able  to  kill  the  trypomastigotes. 

It  should  be  emphasized  that  despite  our  documentation  of  two 
mechanisms  by  which  activated  macrophages  maintain  themselves  in 
an  uninfected  state,  it  was  not  possible  to  completely  protect 
macrophage  cultures  from  rickettsial  infection  by  treatment  with 
lymphokine-rich  supernatants.  Lymphokine  treatment  prior  to  and 
after  infection  reduced  numbers  of  viable  rickettsiae  in  lysed 
peritoneal  cell  cultures  to  90%  of  that  recovered  from  control 
cultures.  These  residual  rickettsiae  were  consistant  with  the 
heterogeneity  of  responses  throughout  rickettsiae-macrophage 
interactions.  Only  20  to  40%  of  the  resident  macrophage  popula¬ 
tion  initially  exhibited  intracellular  rickettsiae  following 
exposure  to  a  range  of  viable  organisms.  With  a  10-fold  increase 
in  multiplicity  of  infection  (3  to  30  PFU  rickettsiae/macrophage) 
an  increase  in  infected  macrophages  was  not  observed  (Table  15). 

This  range  of  infection  (20  to  40%)  in  normal  macrophages  probably 
reflects  the  proportion  of  susceptible  cells  present  in  the  peri¬ 
toneum  at  the  time  of  macrophage  harvest.  Heterogeneity  also  was 
evident  in  macrophage  responsiveness  to  lymphokine  activation  (47) . 
Such  heterogeneous  responses  may  provide  a  cellular  basis  for  the 
clinical  observation  that  viable  rickettsiae  may  be  isolated  from 
lymph  node  biopsies  for  up  to  1  yr  following  recovery  from  scrub 
typhus  (48) . 

6 .  Host  defenses  in  experimental  scrub  typhus;  mapping  of  the  gene 
that  controls  natural  resistance  in  mice. 

Inbred  mouse  strains  differ  dramatically  in  their  natural  resistance 
to  a  number  of  infectious  agents.  Susceptibility  to  certain  leuke- 
mogenic  viruses  has  been  linked  to  the  major  histocompatibility 
complex  (H-2)3  and  may  reflect  expression  of  the  immune  response  (49). 
However,  resistance  to  a  variety  of  bacterial  (50,51,52),  viral  (53) 
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and  protozoal  (54,55)  infections  has  been  found  to  be  under  the  con¬ 
trol  of  genes  outside  the  H-2  complex  and  represent  resistance  mech¬ 
anisms  other  than  those  involving  specific  immune  recognition. 

The  causative  agent  of  human  scrub  typhus,  Rickettsia  tsutsugamushi, 
is  an  obligate  intracellular  parasite  that  also  causes  lethal  infec¬ 
tions  in  certain  mouse  strains.  We  recently  reported  that  natural 
resistance  in  mice  to  the  Gilliam  strain  of  the  organism  was  con¬ 
trolled  by  a  single,  autosomal,  dominant  gene  not  linked  to  the  H-2 
complex  (56). 

In  the  present  investigation,  we  have  continued  these  studies  and 
attempeted  to  map  the  chromosomal  location  of  this  gene.  Using  recom¬ 
binant  inbred  (RI)  strains  of  mice,  we  have  found  that  this  gene  is 
located  on  chromosome  5,  closely  linked  to  the  retinal  degeneration 
(rd)  locus  and  have  confirmed  this  with  a  backcross  linkage  analysis. 
We  have  assigned  to  it  the  designation  Ric,  with  jr  and  js  representing 
the  resistance  and  susceptible  alleles  respectively. 

Mice.  Inbred  CeH/HeJ,  DBA/2J,  C57BL/6J  and  C57BL/6J-le  (light  ears) 
mice  were  obtained  from  the  Jackson  Laboratory,  Bar  Harbor,  ME  and 
were  between  6  and  12  weeks  of  age  when  used  in  experiments.  Recom¬ 
binant  inbred  mouse  lines  were  produced  at  the  Jackson  Laboratory  by 
inbreeding  randomly  chosen  pairs  of  mice  from  the  F2  generation  of 
the  cross  between  2  dissimilar  progenitor  strains  (57) .  The  BXD  RI 
strains  were  derived  from  the  initial  cross  of  C57BL/6J  with  DBA/2J 
(58),  BXH  RI  strains  from  the  cross  of  C57BL/6J  with  C3H/HeJ  (59), 
and  the  BXJ  RI  strains  from  the  cross  of  C57BL/6J  with  SJL/J  (60). 

The  progenitor  strains  of  the  3  RI  lines  carried  differing  Ric 
alleles  (56) .  All  RI  lines  had  attained  at  least  the  F2o  genera¬ 
tion  of  inbreeding  when  tested  for  genetic  markers.  Backcross 
progeny  mice  were  obtained  from  (C57BL/6J  x  DBA/2J)Fi  males  back- 
crossed  to  DBA/2J  females  and  from  (C57BL/6J  x  C3H/HeJ)F^  males 
backcrossed  to  C3H/HeJ  females. 

Rickettsia  tsutsugamushi  resistance.  Mice  were  tested  for  the 
presence  of  the  resistant  allele,  Ricr  by  inoculating  intraperi- 
toneally  (ip)  1000  50%  mouse  infectious  doses  (MIDgn)  of  the 
Gilliam  strain  of  R  tsutsugamushi.  Mice  surviving  28  days  after 
original  challenge  were  rechallenged  with  1000  MLD50  of  the  Karp 
strain  of  R  tsutsugamushi  to  establish  the  presence  of  immunity 
as  an  assurance  that  survivors  had  received  the  original  Gilliam 
dose.  All  mouse  strains  used  in  this  study  are  susceptible  to 
Karp  infection  and  are  killed  by  ip  challenge  of  10  MLD50  (56). 
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Mice  surviving  both  challenges  were  considered  to  carry  the  Ricr 
allele.  Mice  that  died  from  the  initial  challenge  were  considered 
to  be  homozygous  Rics/Rics,  since  previous  studies  established 
the  dominance  of  the  Ricr  allele  (56) .  The  Gilliam  (166th  egg 
passage)  and  Karp  (51st  egg  passage)  strains  were  propagated, 
stored,  and  quantified  by  methods  previously  reported  (11).  The 
MLD50  determinations  were  calculated  using  C3H/HeJ  mice  by 
methods  previously  described  (56) . 

Retinal  degeneration  determination.  Retinal  degeneration  is  a 
recessive  gene  which  can  be  assesed  using  histological  criteria 
(61) .  Mice  (4-8  weeks  old)  were  anesthetized  and  1  eye  was 
removed,  fixed  in  10%  buffered  formalin  solution,  sectioned,  and 
stained  with  hematoxylin  and  eosin.  Mice  lacking  2  or  more  of 
the  outer  most  divisions  of  the  inner  transparent  layer  of  the 
retina  were  classified  as  homozygous  rd/rd. 

Enzyme  testing.  The  isoenzymes,  a  and  J>,  coded  by  the  phospho- 
glucomutase-1  (Pgm-1)  locus  on  chromosome  5  were  determined  by 
starch  gel  electrophoresis  of  heparinized  blood.  Mouse  liver 
homogenates  were  typed  for  the  quantative  variants  of  glucuro¬ 
nidase  (Gus)  b  and  h,  using  a  colorimetric  procedure. 

Estimation  of  recombination  frequencies.  Recombination  frequencies 
(r)  are  indicators  of  the  relative  distance  between  2  linked  genes 
on  a  chromosome  and  were  estimated  for  backcross  data  by  £“£/n, 
where  o_  is  the  observed  number  of  recombinants  and  n  is  the  number 
of  backcrosses  contributing  to  the  estimate.  For  RI  strain  data, 
recombination  frequencies  were  estimated  using  an  equation  derived 
by  Halden  and  Waddington  (62),  which  relates  the  probability  of 
fixing  a  recombinant  genotype  in  an  RI  strain  (R)  to  the  recombi¬ 
nation  frequency  (r) ;  R=4r/ (1  +  6r) .  r_  is  estimated  by  rj (4  -  6R) , 
where  R  is  estimated  from  RI  data.  The  variance  of  the  estimated 
r  is  r  (1  +  2r )  (1  +  6r)2/4n,  where  n  is  the  number  of  RI  strains 
contributing  to  the  estimate. 

Response  of  inbred  mouse  strains  to  R  tsutsugamushi.  Three 
strains  C57BL/6J,  C3H/HeJ,  and  DBA/2J  were  chosen  for  analysis 
because  they  were  either  resistant  or  susceptible  (56)  and  the 
progenitors  of  2  large  sets  of  RI  mouse  strains  (58,59).  C57BL/6J 
mice  were  resistant  to  at  least  10^  MLDgg;  whereas,  all  of  the 
C3H/HeJ  and  DBA/2J  mice  were  killed  by  102  MLD50.  A  dose  of  10^ 
MLD50  was,  therefore,  selected  to  assess  the  susceptibility  of  mouse 
strains  in  the  study. 
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Response  of  RI  mouse  strains  to  R  tsutsugamushi.  Two  sets  of  RI 
lines  were  used  to  map  Ric.  Three  mice  per  strain  were  used,  and 
only  strains  showing  100%  survival  or  resistance  in  an  individual 
trait  were  included.  Twenty-four  different  BXD  strains  were  infec¬ 
ted  ip  with  10^  MLD50  of  R  tsutsugamushi;  12  strains  were  resistant 
and  12  were  susceptible  to  infection  (Table  18) .  An  analysis  of 
the  previously  mapped  chromosomal  markers  in  the  BXD  RI  lines 
suggested  resistance  was  possibly  linked  to  chromosome  5,  locus 
Pgm-1.  In  only  9  of  the  24  BXD  strains  did  the  appropriate  Ric 
and  Pgm-1  alleles  of  the  progenitor  parent  strains  fail  to  segre¬ 
gate  together.  If  there  had  been  no  linkage,  a  crossover  rate  of 
approximately  50%  (12  of  24)  would  have  been  expected. 

To  confirm  this  linkage,  the  resistance  pattern  was  analyzed  of  13 
BXH  strains,  which  had  been  typed  for  Pgm-1  and  2  additional  chro¬ 
mosome  5  markers,  Gus  and  rd.  Four  strains  were  resistant  and  9 
susceptible  to  R  tsutsugamushi  (Table  19) .  The  pattern  of  resis¬ 
tance  in  these  strains  confirmed  the  linkage  to  Pgm-1.  Further, 
the  data  suggested  that  Ric  was  closely  linked  to  rd,  since  there 
were  no  crossovers  between  Pgm-1  and  Ric  and  5  crossovers  between 
Gus  and  Ric. 

The  BXJ-1  and  BXJ-2  strains  from  a  third  RI  line  were  tested  for 
susceptibility  because  progenitor  strains  (C57BL/6J  and  SJL/J) 
were  known  to  differ  in  rickettsial  susceptibility,  as  well  as  the 
chromosome  markers  of  rd  and  Pgm-1.  No  crossovers  between  Ric  and 
either  loci  were  observed. 

Backcross  linkage  analysis.  A  backcross  linkage  analysis  was  per¬ 
formed  to  obtain  a  better  estimate  of  the  distance  between  Ric  and 
selected  chromosome  5  markers  and  to  possibly  establish  the  correct 
gene  order  for  these  2  loci.  (C57BL/6J  x  DBA/2J)Fi  males  were 
backcrossed  to  DBA/2J  females  and  the  progeny  were  typed  for  Pgm-1 , 
then  tested  for  resistance  to  R  tsutsugamushi.  Of  the  56  mice 
tested,  27  resistant  mice  possessed  the  Pgm-1  genotype  of  the 
resistant  F^  parent  (a/b) ,  while  15  susceptible  mice  possessed  the 
genotype  of  the  susceptible  DBA/2J  parent  (b/b)  (Table  20) .  Those 
mice  that  possessed  the  resistant  Pgm-1  genotype  and  succumbed  to 
rickettsial  infection  or  possessed  the  homozygous  susceptible 
(b/b)  genotype  and  resisted  lethal  infection  were  considered  to  be 
recombinants.  Only  14  recombinant  events  were  observed.  These 
findings  confirmed  the  linkage  of  Ric  to  Pgm-1 . 

To  estimate  the  distance  between  Ric  and  rd,  (C57BL/6J  x  C3H/HeJ)Fj 
males  were  backcrossed  to  C3H/HeJ  females  and  the  progeny  were 
tested  for  these  2  loci.  Of  the  93  progeny  tested,  46  resistant 
mice  and  44  susceptible  mice  retained  the  rd  genotype  of  the 
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Table  20.  Summary  of  backcross  linkage  analysis  between  Ric  and 
Pgm-la. 


Pgm-1  Genotype 

No.  of  Resistant  Mice 

C Ric r/ Ric s) 

No.  of  Susceptible  Mice 
(Ric 8 /Ric8) 

b/b 

5 

15 

a/b 

27 

9 

a  (C57BL/6J  x  DBA/2J)F^  mice  were  backcrossed  to  DBA/2J,  and  the 
progeny  were  typed  for  Pgm-1  and  Ric.  C57BI./6J  is  Pgm-la  and 
Ric*,  and  DBA/2J  is  Pgm-lb  and  Ric8.  Backcross  mice  were  either 
homozygous  Pgm-lWPgm-lk  or  hetrozygous  Pgm-la/Pgm-lb  at  this  locus. 


Table  21.  Summary  of  backcross  linkage  analysis  between  Ric  and 
rda. 


rd  Genotype 

No.  of  Resistant  Mice 

No.  of  Susceptible  Mice 

( Ric r/ Ric8) 

(Ric 8 /Rics) 

rd/rd 

0 

44 

+/rd 

46 

3 

a  (C57BL/6J  x  C3H/HeJ)F^  mice  were  backcrossed  to  C3H/HeJ  females, 
and  the  progeny  were  tested  for  rd  and  Ric.  The  genotype  for  rd 
end  Ric  markers,  respectively,  are:  C57BL/6J,  +rf  +jr,  C3H/HeJ, 
rd  s/rd  s.  Backcross  mice  were  either  homozygous  rd/rd  or  hetro¬ 
zygous  rd/  +  at  this  loci. 


respective  resistant  Fi  parent  (rd/+)  or  susceptible  C3H/HeJ 
parent  (rd/rd)  (Table  21) .  Three  susceptible  mice  possessed  the 
resistant  parental  genotype  (+/rd)  and  were  the  only  observed 
crossovers. 

Two,  three-point  cross  analyses  were  performed  to  determine  the 
gene  order.  Twenty-four  of  the  backcross  progeny  listed  in  Table 
21  also  were  tested  for  Gus  in  addition  to  rd  and  Ric.  Seven 
crossovers  between  Gus  and  the  rd  and  Ric  loci  were  found  (Table 

22) .  However,  gene  order  could  not  be  determined  since  crossovers 
between  rd  and  Ric  were  not  observed.  In  the  second  three-point 
analysis,  34  of  the  backcross  progeny  listed  in  Table  21  were 
tested  for  Pgm-1,  as  well  as  Ric  and  rd.  Six  crossovers  occurred 
between  Pgm-1  and  rd  and  8  crossovers  between  Pgm-1  and  Ric  (Table 

23)  .  More  importantly,  2  crossovers  between  rd  and  Ric  were 
observed.  In  2  susceptible  mice,  the  resistant  Pgm-1  genotype 
remained  linked  to  the  resistant  rd  genotype  suggesting  the  gene 
order  Pgm-l-rd-Ric-Gus  since  reversal  of  rd  and  Ric  would  postu¬ 
late  double  crossovers. 

Response  of  the  C57BL/6J-LE  to  R  tsutsugamushi.  The  C57BL/6J-le 
mouse  is  a  congenic  strain  which  carries  the  C3H/HeJ  chromosome  5 
alleles  for  rd,  le,  and  Gus  on  a  C57BL/6J  background.  The  Pgm-1 
locus  is  of  the  C57BL/6J  type.  Three  C57BL/6J-le  mice  were 
tested  for  R  tsutsugamushi  susceptibility  in  2  separate  experi¬ 
ments  and  were  found  to  be  resistant.  These  data  imply  a  gene 
order  of  Pgm-l-Ric-rd-le-Gus ,  since  transposing  Ric  and  rd  would 
postulate  a  double  crossover  between  the  closely  approximated  rd^ 
and  le  loci.  This  gene  order  is  in  marked  contrast  with  that 
suggested  by  the  results  shown  in  Table  23  above. 

The  data  presented  clearly  demonstrated  that  Ric,  the  gene 
controlling  resistance  to  lethal  scrub  typhus  infections  in  mice, 
was  located  on  chromosome  5  and  was  closely  linked  to  the  rd 
locus.  The  recombination  frequency  (r)  between  rd  and  Ric  was 
0.0323  (3/93)  in  the  backcross  progeny.  No  recombinants  between 
Ric  and  rd  were  found  among  15  RI  strains.  Thus,  we  calculated 
£  to  be  <  0.0172,  using  the  Haldane  and  Waddington  formula  (62) 
and  assuming  that  the  next  RI  strain  observed  would  have  been  a 
crossover  (1/16). 

Experiments  to  define  gene  order  yielded  conflicting  results.  We 
believe  the  most  reliable  data  were  derived  from  the  congenic 
C57BL/6J-le  mouse  strain  and  the  the  gene  order  is  probably  Pgm-1- 
Ric-rd-Gus.  In  the  three-point  crosses  employing  the  Pgm-1,  rd, 
and  Ric  markers,  the  only  recombinants  were  2  susceptible  animals 
which  carried  the  resistant  parent  alleles  at  the  other  loci, 
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Table  22.  Segregation  of  Gus ,  rd,  and  Rlc  markers  in  backcross 
(C57BL/6J  x  CSH/HeJjF!  x  C3H/HeJ*. 


Region  of  Recombination 

Genetic  Locus 

No.  of  Mice 

rd 

Ric 

Gus 

None 

+ 

r_ 

b 

18 

rd 

£ 

h 

19 

rd-Ric 

+ 

X  £ 

h 

0 

rd 

X  r 

b 

0 

Ric-Gus 

+ 

r 

X 

h 

4 

rd 

£ 

X 

b 

3 

rd-Ric-Gus 

+ 

X  r 

X 

b 

0 

rd 

X  r 

X 

h 

0 

Total  44 

The  parental  genotypes  for  rd,  Ric,  and  Gus  markers,  respectively, 
are  C3H/HeJ,  rd  £  h/rd  s  h;  C57BL/6J,  +  b7±  r_  b;  F]_,  rd  £  h/+  r_  b. 
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Table  23.  Segregation  of  Pgm-1,  rd,  and  Ric  markers  in  backcross 
(C57BL/6J  x  C3H/HeJ)F!  x  C3H/HeJ*. 


Region  of  Recombination 

Pgm-1 

Genetic 

rd 

Locus 

Ric 

No.  of  Mice 

None 

£ 

+ 

£ 

12 

b 

rd 

£ 

14 

Pgm-1  -  rd 

£ 

X 

rd 

£ 

3 

b 

X 

+ 

£ 

3 

rd-Ric 

a 

+ 

X 

£ 

2 

b 

rd 

X 

£ 

0 

Pgm-l-rd-Ric 

a 

X 

rd 

X 

£ 

0 

b 

X 

+ 

X 

£ 

0 

Total  34 

a  The  parental  genotypes  for  the  Pgm-1,  rd,  and  Ric  markers, 
respectively,  are:  C3H/HeJ,  b  rd  s/b  rd  s:  C57BL/6J,  £  +  j r/a  +  £} 
Fi ,  a  +  r/b  rd  £ 
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suggesting  a  gene  order  of  Pgtn-l-rd-Ric.  The  possibility  that  these 
latter  apparent  recombinants  were  genetically  resistant  mice  which 
died  from  other  causes  or  from  R  tsutsugamushi  infection  following 
a  compromise  of  the  inate  resistance  by  undefined  mechanisms  cannot 
be  excluded.  More  compelling  evidence  for  the  latter  gene  order 
would  have  been  a  resistant  backcross  mouse  exhibiting  susceptible 
parent  alleles  for  Pgm-1  and  rd;  however,  this  was  never  observed. 

The  gene  product  of  the  Ric  locus  and  the  mechanism  of  its  action 
remains  unknown.  The  Ric  locus  does  not  control- the  ability  of 
R  tsutsugamushi  to  replicate  within  cultured  cells  because  these 
organisms  have  been  propagated  equally  well  in  fibroblasts  derived 
from  resistant  or  susceptible  mice  (56).  Further,  an  alteration 
of  the  immune  responsiveness  of  susceptible  mice  apparently  does 
not  occur  as  susceptible  mice  can  be  protected  against  subsequent 
ip  infection  by  a  subcutaneous  inoculation  with  virulent  R  tsutsu¬ 
gamushi  organisms  (56) .  This  finding  also  demonstrates  that  sus¬ 
ceptible  mice  possess  the  appropriate  cellular  components  (i.e., 
macrophages,  granulocytes,  and  immunoglobulin)  to  control  rickett¬ 
sial  infection.  The  only  difference  between  susceptible  and  resis¬ 
tant  strains  reported  to  date  is  that  peritoneal  macrophages  of 
susceptible  mice  are  killed  during  in  vivo  infection  while  those  of 
resistant  mice  survive  (6.3) .  Extrapolation  from  studies  of  other 
investigators  (64,65)  suggests  that  the  Ric  locus  may  control  the 
ability  of  mice  to  develop  acute  and/or  chronic  inflammatory 
responses,  which  would  affect  directly  the  ability  of  an  animal  to 
resist  rickettsial  infection.  The  chronic  granulomatous  reaction 
of  mice  to  killed  BCG  organisms  was  shown  to  be  controlled  by  a 
non-H-2  linked  gene,  and  the  mouse  strain  distribution  of  respon¬ 
siveness  to  this  BCG  effect  correlated  with  that  of  Ric  (64).  Simi¬ 
larly,  a  correlation  was  reported  in  the  ability  of  mice  to  develop 
an  elevated  serum  complement  level  in  response  to  an  acute  inflam¬ 
matory  reaction  (65). 

There  does  not  appear  to  be  a  correlation  between  Ric  and  the 
genes  that  control  natural  resistance  to  several  other  infectious 
organisms.  The  gene  that  controls  resistance  of  mice  to  Leish- 
mania  donovani  (Lsh)  was  mapped  to  chromosome  1  (54) ,  and  the 
resistance  patterns  among  inbred  mouse  strains  to  Salmonella 
typhimurium  (52),  Listeria  monocytogenes  (50),  Corynebacterium 
kutscheri  (51) ,  Toxoplasma  gondii  (55) ,  and  Herpes  simplex  virus 
(53)  do  not  correspond  to  that  observed  for  Ric  (56).  Further¬ 
more,  the  Ric  locus  does  not  control  resistance  to  all  R  tsutsu¬ 
gamushi  strains,  since  all  strains  of  mice  have  been  found  to  be 
equally  susceptible  to  the  Karp  strain  of  R  tsutsugamushi  (56) . 

It  would  appear,  therefore,  that  the  mechanism  of  resistance  for 
Gilliam  strain  infection  differs  significantly  at  the  genetic 
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level  from  the  mechanism  of  resistance  to  other  microorganisms, 
to  include  other  strains  of  R  tsutsugamushi . 

The  only  gene  that  maps  close  to  Ric  that  may  be  involved  in 
resistance  is  a  minor  histocompatibility  locus  H(go) .  Williams 
et  al.  (55)  found  that  one  of  the  genes  controlling  resistance 
t°  T  gondii  was  linked  to  a  minor  histocompatibility  locus, 
H-13;  therefore,  it  is  possible  that  resistance  genes  and  minor 
histocompatibility  loci  form  gene  complexes  that  involve  the 
host  defense  mechanism  in  a  manner  similar  to  the  relationship 
between  the  mouse  H-2  complex  and  the  immune  response.  In  any 
event,  there  exists  in  the  mouse  a  number  of  non-H-2  linked 
resistance  genes  of  which  Ric  is  but  one.  Identification  of 
these  genes  and  their  products  will  be  invaluable  in  furthering 
an  understanding  of  host  resistance  to  infectious  organisms. 
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25 (U)  78  10  -  79  09  1.  Large  rural  populations  having  a  high  incidence  of  scrub  typhus 

have  been  identified  which  can  be  used  to  study  chemotherapy,  chemoprophylaxis,  and 
vaccine  prophylaxis.  2.  Vector  chigger  populations  decline  as  oil  palm  areas  mature. 
Eight  chigger  species  were  found  co  be  infected  for  the  first  time.  3.  R.  tsutsugamu¬ 
shi  strains  within  the  endemic  area  were  found  to  be  predominately  Karp-related. 

4.  Early  doxycycline  treated  patients  did  not  suffer  apparent  relapses.  5.  Methods  for 
transporting  lymphocytes  from  field  study  sites  while  maintaining  their  viability  and 
reactivity  have  been  perfected.  6.  Studies  have  shown  the  cynomolgus  monkey  to  be  an 
excellent  model  for  scrub  typhus.  For  technical  report  see  Walter  Reed  Army 
Institute  of  Research  Annual  Progress  Report,  1  Oct  78  -  30  Sep  79. 
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THE  IMPACT  OF  ECOLOGICAL  CHANGES  ON  THE  POPULATION  OF  SCRUB  TYPHUS 
VECTORS  IN  AN  AREA  CLEARED  OF  FOREST  AND  REPLANTED  IN  A  TYPE  OF 
VEGETATION  THAT  NATURALLY  SUPPORTS  CHIGGER  POPULATIONS 

Scrub  typhus  has  long  been  associated  with  specific  types  of 
habitat.  The  name  scrub  typhus  was  coined  to  associate  the  disease 
with  the  scrub  terrain  where  the  disease  was  often  contracted. 
Within  Peninsular  Malaysia,  the  vector  mites  which  transmit  the 
disease  can  be  found  in  lalang  fields,  along  sandy  beaches,  in 
different  forest  types,  and  within  major  agricultural  crops. 

Since  early  1960,  hundreds  of  thousands  of  acres  of  land  in 
Malaysia  have  been  put  into  agricultural  production  primarily 
through  large  government-financed  programs.  The  Federal  Land 
Development  Authority  (FELDA),  established  in  1956,  is  now  one  of 
the  largest  land  development  agencies  of  the  Malaysian  Government. 
FELDA  operations  include  land  clearing,  planting  of  main  crops 
(primarily  oil  palm  and  rubber),  development  of  villages, 
selection  and  emplacement  of  settlers,  management  of  projects, 
provision  of  credit,  marketing  services,  and  facilitating  social 
and  community  development. 

During  the  development  stage  FELDA  contractors  carry  out 
jungle  clearing,  plant  the  main  crop,  and  maintain  it  until 
settlers  enter  the  project.  Settler  houses  are  also  built  by 
FELDA  contractors.  Roads,  water  supplies,  schools,  and  clinics 
are  constructed  by  the  Public  Works  Department.  Settlers  enter 
the  project  2|-3  years  after  the  start  of  land  clearing  and  are 
immediately  responsible  for  weeding,  fertilizing,  and  the  control 
of  plant  pests  and  diseases.  Prior  to  the  time  that  the  settler 
receives  income  from  his  land,  FELDA  provides  subsistence  credits 
to  the  settler.  Approximately  5  years  after  planting  of  oil  palm 
(later  in  the  case  of  rubber) ,  the  settler  conmences  repaying  the 
government  loan  which  covers  the  cost  of  land  development, 
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fertilizers,  subsistence  credits,  and  housing.  The  settler  acquires 
title  to  the  land  (or  a  share  in  a  cooperative)  after  about  15 
years  of  loan  payment. 

FELDA  oil  palm  development  schemes  each  consist  of 
approximately  4000  acres.  Approximately  400  settler  families 
enter  each  scheme  with  10  acres  of  oil  palm  alloted  to  each  settler 
family. 

The  oil  palm  trees  are  planted  in  rows  approximately  6  meters 
apart.  Before  the  trees  begin  to  bear  fruit,  grasses  are  allowed 
to  grow  around  the  trees.  In  order  to  harvest  the  fruit,  a  frond 
below  the  fruit  must  be  cut.  These  fronds  are  stacked  between 
every  other  row  of  trees  forming  litter  piles  (Figure  1).  Thus, 
rows  are  separated  alternately  by  grass  strips  and  litter  piles. 

As  the  settlers  begin  working  their  plot,  some  of  the  grasses  are 
eliminated  due  to  cultivation  practices.  Also,  as  the  trees  grow 
a  canopy  forms  reducing  the  sunlight  which  reaches  the  ground 
around  the  trees.  This,  in  turn,  causes  many  of  the  grasses  to  be 
eliminated. 

Previous  studies  at  a  district  hospital  and  a  rural  health 
center  provided  data  which  showed  that  scrub  typhus  was  a  common 
cause  of  fever  among  oil  palm  workers  (1) .  Studies  at  the  Bukit 
Mendi  FELDA  oil  palm  development  scheme,  which  contained  plantings 
of  5  and  7  years  of  age,  provided  data  which  served  to  suggest  a 
greater  risk  of  infection  in  the  younger  oil  palm  (WRAIR  Annual 
Progress  Report,  1  Oct  77  -  30  Sep  78).  The  major  difference  in 
the  2  groups  of  oil  palm  was  the  presence  of  dense  grasses  between 
the  rows  of  young  oil  palm  trees  and  the  absence  of  such  grasses 
in  the  older  oil  palm.  A  natural  succession  of  plants  and  micro¬ 
habitats  seemed  to  exist  in  the  oil  palm. 

Because  these  changes  within  the  micro-habitats  might  have  an 
effect  upon  the  distribution  of  the  chiggers  in  the  areas  and,  in 
tum,  upon  the  chances  of  human  contact  with  the  vectors,  we 
undertook  a  longitudinal  study  of  a  number  of  schemes  of  varying 
ages  within  the  Jengka  Triangle  complex. 

Results:  At  the  beginning  of  the  study  in  April,  1977,  the  Jengka 
Triangle  complex  (Figure  2)  consisted  of  23  schemes,  in  which 
approximately  63$  of  the  total  usable  acreage  was  planted  in  oil 
palm  and  the  remainder  in  rubber.  The  oil  palm  development  schemes 
varied  in  age  from  newly  cleared  land  to  oil  palm  approximately 
10-years  old.  Eight  areas  were  selected  for  study.  These  included: 
uncut  forest,  unplanted  oil  palm  or  scrub  (Jengka  23),  1.5-year-old 
oil  palm  (Jengka  23),  2-year-old  oil  palm  (Jengka  17),  2.5-year-old 
oil  palm  (Jengka  19),  3.5-year-old  oil  palm  (Jengka  15),  5.5-year- 
old  oil  palm  (Jengka  11) ,  and  93year-old  oil  palm  (Jengka  2) . 
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Figure  1.  Schematic  diagram  showing  the  system  of  maintaining 
trees  and  litter  piles  within  an  oil  palm  scheme. 


( 
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Figure  2.  Jengka  Triangle  Complex,  Pahang,  Peninsular 
Malaysia,  showing  locations  of  the  schemes 
under  study. 
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Two  recently  settled  schemes  (Jengka  11  and  Jengka  15)  were 
studied  intensively.  Febrile  illnesses  in  settlers  on  these  2 
schemes  were  studied  in  other  projects  (see:  Scrub  Typhus  Studies 
on  a  Rural  Development  Complex  in  Peninsular  Malaysia:  Antibody 
Prevalence  in  Oil  Palm  Settlers  and  WRAIR  Annual  Progress  Report, 
1  Oct  77  -  30  Sep  78) .  Settlers  resided  on  Jengka  11  for 
approximately  18  months  and  on  Jengka  15  for  6  months  before  the 
beginning  of  the  study.  Numerous  cases  of  scrub  typhus  had  been 
diagnosed  in  Jengka  11,  but  no  cases  had  been  diagnosed  in  Jengka 
15. 


To  correlate  changes  in  chigger  populations  with  human  and 
rodent  infections,  monthly  collections  of  rodents  and  chiggers 
were  made  from  Jengka  11  and  Jengka  15.  Two  permanent  trapping 
grids  of  100  traps  set  6  meters  apart  were  established  in  each 
scheme.  Within  these  grids  chiggers  were  collected  from  trapped 
rodents  and  by  the  use  of  black  plates  (8) .  Additionally,  a 
"roving"  grid  was  located  at  different  sites  each  month  within  the 
2  schemes  to  obtain  samples  from  a  larger  area.  Other  "roving" 
grids  were  used  as  time  permitted  to  collect  unengorged  chiggers 
by  the  use  of  black  plates. 

Within  each  of  the  remaining  6  study  areas,  2  permanent 
trapping  grids  were  established.  Rodents  were  trapped  from  these 
grids  on  a  quarterly  basis.  Chiggers  were  collected  from  all 
trapped  rodents  for  identification,  and  the  rodents  were  identified, 
marked,  and  released  at  their  site  of  collection.  Simultaneously, 
black-plate  collections  were  made  in  the  same  grid  areas. 

This  was  a  continuing  study  which  began  March  1977  and  was 
completed  March  1979.  Some  results  have  been  previously  reported 
(WRAIR  Annual  Progress  Report,  1  Oct  77  -  30  Sep  78).  Figure  3 
presents  the  collection  results  for  the  first  year.  A  peak  in  the 
number  of  chiggers  per  Rattus  tiomanicus  was  noted  in  Jengka  19 
(2.5-year-old  oil  palm  at  the  initiation  of  the  study).  In  Jengka 
2  (a  9-year-old  oil  palm  scheme),  L.  (L.)  deliense  made  up  less 
than  1%  of  the  chigger  population.  Most  of  the  chiggers  collected 
from  rodents  in  Jengka  2  were  Ascoschoengastia  (Laurentella) 
indie a,  a  nest-dwelling  chigger^  This  represented  a  dramatic 
change  in  the  speciation  of  chiggers. 

Figure  4  depicts  the  collection  data  for  the  second  year  of 
the  study.  The  peak  population  occurred  in  Jengka  23  (1.5-year-old 
oil  palm),  and  the  percentage  of  L.  (L.)  deliense  was  greatly 
reduced  in  Jengkas  19,  15,  and  11.  These  data  indicated  that 
within  an  oil  palm  habitat  there  is  a  reduced  vector  capacity  as 
the  oil  palm  matures.  Jengka  23  with  the  current  peak  in  chiggers 
and  vectors  is  now  the  age  of  Jengka  15  at  the  start  of  the  study, 
and  Jengka  11  is  now  approaching  the  age  of  Jengka  2  at  the  start 
of  the  study.  Changes  in  the  habitat  and  consequently,  in  the 
habits  of  the  hosts  have  apparently  led  to  these  changes  in 


1021 


100- 


Fi.gure  3.  First  year  density  of  vector  chiggers  on  the  predominant  rodent  host,  Rattus  tiomanicus ,  from 
study  sites  in  Jengka  Complex. 
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Figure  4.  Second  year  density  of  vector  chiggers  on  the  predominant  rodent  host,  Rattus  tiomanicus 
from  study  sites  in  Jengka  Complex. 


chigger  populations.  Figures  5  and  6  present  the  collection  of 
chiggers  by  month  for  the  2  intensively  studied  areas,  Jengka  11 
and  15.  In  general,  the  relative  population  increases  and 
decreases  in  L.  (L.)  deliense  paralleled  the  fluctuations  in  the 
total  chigger  population.  Some  slight  variation  in  this  trend  can 
be  noted  in  the  latter  part  of  the  study.  This  decrease  in 
numbers  could  reflect  major  changes  in  the  habitats.  Environmental 
and  habitat  data  are  currently  being  analyzed  to  determine  what 
caused  these  changes. 

Plant  composition  studies  were  conducted  in  collaboration  with 
a  plant  ecologist  from  the  University  of  Malaya.  These  included 
the  identification  of  the  plants  within  each  scheme  and  the 
determination  of  plant  density.  The  number  of  plant  species  within 
the  young  oil  palm  schemes  (<5. 5-years  old)  was  lower  than  in  older 
schemes;  however,  the  density  of  grasses  was  higher.  The  2 
predominant  ground  cover  grasses  Mikania  cordata  and  Paspalum 
coniugatum  found  in  young  oil  palm  was  not  common  in  Jengka  2. 
Although  the  number  of  plant  species  within  Jengka  2  was  higher, 
they  provided  less  ground  cover. 

During  the  study,  174  of  4,350  chiggers  (4.0%)  collected  by 
the  black-plate  method  were  found  infected  with  R.  tsutsugamushi 
using  the  direct  fluorescent  antibody  technique  fFAT)  (4) 

Antigenic  analyses  of  these  isolates  showed  the  Karp  strain  to  be 
the  overwhelmingly  predominant  organism,  70.71  (Table  1).  No 
organisms  reacting  with  Gilliam  antiserum  were  identified.  Most  of 
the  infections  within  chiggers  were  monotypic  140/174  (80. 5%) . 

From  April  1977  through  July  1978,  rodents  from  Jengka  11  and 
15  were  examined  for  evidence  of  R,  tsutsugamushi  infection. 

Eight  hundred  and  twenty-three  were  examined,  and  R.  tsutsugamushi 
was  isolated  from  96  (11.71) (Table  2).  Of  the  positive  animals, 

60  (15.8%)  were  from  Jengka  11,  and  36  (8.1%)  were  from  Jengka  15. 
For  comparison  purposes,  200  rodents  from  Jengka  2  were  also 
examined  during  August  and  September  1978  and  were  found  to  be 
negative.  This  was  not  surprising,  since  Jengka  2  also  recorded 
the  lowest  density  of  vector  chiggers  (Figures  3  and  4) .  Of  the 
96  rodent  isolates,  67  (69.8%)  were  characterized  by  the  direct  FAT 
(Table  3).  The  majority  of  the  rodents  (94%)  had  single  or 
multiple  infections  of  Karp  or  Karp-related  strains.  Four  rodents 
were  infected  singly  with  Gilliam,  and  5  had  mixed  infections  of 
Gilliam  and  other  strains. 
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Figure  5.  Monthly  chigger  collections  from  Jengka  11. 


Figure  6.  Monthly  chigger  collections  from  Jengka  15. 
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Table  1.  Characterization  of  Rickettsia 
tsutsugamushi  strains  found  in 
chiggers  collected  from  Jengka 
Triangle  study  sites 


Antigenic  Combinations 

Number 

Percent 

Karp 

123 

70.7 

TA686 

1 

.6 

TA716 

7 

4.0 

TA763 

9 

5.2 

Karp,  TA686 

6 

3.5 

Karp,  TA716 

9 

5.2 

Karp,  TA763 

9 

5.2 

TA686,  TA763 

1 

.6 

TA716,  TA763 

6 

3.5 

Karp,  TA686,  TA716 

1 

.6 

Karp,  TA716,  TA763 

2 

1.2 

TOTAL 

174 

100.3 

/ 

( 
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Table  2.  Rickettsia  tsutsugamushi  isolations  from  rodents  in 
Jengka  11  and  Jengka  15. 


Date 

Jengka  11 

Jengka  15 

Total 

Apr  77 

0/15  (0.0)* 

- 

0/15  (0.0) 

May 

1/22  (4.6) 

1/30  (3.3) 

2/52  (3.9) 

Jun 

1/12  (8.3) 

2/58  (3.5) 

3/70  (4.3) 

Jul 

6/30  (20.0) 

- 

6/30  (20.0) 

Aug 

4/30  (13.3) 

2/30  (6.7) 

6/60  (10.0) 

Sep 

7/30  (23.3) 

1/30  (3.3) 

8/60  (13.3) 

Oct 

6/28  (21.4) 

2/30  (6.7) 

8/58  (13.8) 

Nov 

3/20  (15.0) 

3/30  (10.0) 

6/50  (12.0) 

Dec 

1/10  (10.0) 

2/30  (6.7) 

3/40  (7.5) 

Jan  78 

4/30  (13.3) 

4/30  (13.3) 

8/60  (13.3) 

Feb 

5/27  (18.5) 

5/30  (16.7) 

10/57  (17.6) 

Mar 

9/30  (30.0) 

1/30  (3.3) 

10/60  (16.7) 

Apr 

3/9  (33.3) 

2/30  (6.7) 

5/39  (12.8) 

May 

4/30  (13.3) 

4/30  (13.3) 

8/60  (13.3) 

Jun 

5/30  (16.7) 

3/22  (13.6) 

8/52  (15.4) 

Jul 

1/27  (3.7) 

4/33  (12.1) 

5/60  (8.3) 

TOTAL 

60/380  (15.8) 

36/443  (8.1) 

96/823  (11.7) 

‘Number  positive/total  observed  positive) 
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Table  3.  Antigenic  characterization  of  Rickettsia  tsutsugamushi 
isolated  from  rodents  in  Jengka  11  and  Jengka  15. 


Antigenic  Combinations 

Number  of  Isolates  (%  of  Isolates) 

Jengka  11 

Jengka  15 

Total 

Gilliam 

3 

1 

4  (6.0) 

TA716 

7 

3 

10  (14.9) 

TA763 

- 

1 

1  (1.5) 

Karp,  TA716 

3 

3 

6  (9.0) 

Gilliam,  TA716 

1 

- 

1  (1.5) 

TA686,  TA716 

4 

4 

8  (11.9) 

TA716,  TA763 

2 

2 

4  (6.0) 

TA716,  TH1817 

- 

1 

1  (1.5) 

Karp,  Gilliam,  TA716 

- 

1 

1  (1.5) 

Karp,  TA686,  TA716 

- 

2 

2  (3.0) 

Karp,  TA716,  TA763 

2 

1 

3  (4.5) 

Karp,  TA716,  TH1817 

- 

1 

1  (1.5) 

Gilliam,  TA686,  TA716 

2 

1 

3  (4.5) 

TA686,  TA716,  TA763 

8 

3 

11  (16.4) 

Karp,  Kato,  TA686,  TA716 

1 

- 

1  (1.5) 

Karp,  Kato,  TA716,  TA763 

1 

- 

1  (1.5) 

Karp,  TA686 ,  TA716,  T/W3 

3 

5 

8  (11.9) 

Karp,  Kato,  TA686,  TA716,  TA763 

- 

1 

1  (1.5) 

TOTAL 

1 

37  (55.2) 

30  (44.8) 

67  (100.1) 
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SCRUB  TYPHUS  STUDIES  ON  A  RURAL  DEVELOPMENT  COMPLEX 
IN  PENINSULAR  MALAYSIA:  ANTIBODY  PREVALENCE 
IN  OIL  PALM  SETTLERS 


Background:  Early  studies  of  scrub  typhus  in  Malaya  indicated  a 
close  association  of  the  disease  with  land  clearance  and  oil  palm 
plantations  (11) .  One  of  our  earlier  studies  of  a  Malaysian  oil 
palm  development  complex  revealed  a  high  incidence  of  fevers  that 
were  attributable  to  scrub  typhus  (1) .  Simultaneous  collections 
of  chiggers  indicated  that  vector  populations  declined  as  oil 
palm  areas  matured  (WRAIR  Annual  Progress  Report,  1  Oct  77  -  30  Sep 
78) .  This  posed  the  possibility  that  human  infection  rates  might 
vary  according  to  the  stage  of  oil  palm  growth.  Unfortunately, 
the  different  phases  of  oil  palm  planting  in  the  study  area  were 
serviced  by  the  same  group  of  people  and  verification  of  this  was 
impossible. 

The  findings  of  a  recent  study  on  the  longevity  of  antibody 
to  R.  tsutsugamushi  allow  one  to  accurately  estimate  attack  rates 
by  measuring  the  point  prevalence  of  antibody  (19) .  This  and  the 
location  of  3  oil  palm  areas  of  close  proximity  and  widely 
varying  ages  which  are  serviced  by  3  distinct  population  groups  has 
allowed  us  to  investigate  the  relative  risk  of  human  infection  in 
oil  palm  schemes  of  varying  ages.  We  report  the  results  of  these 
studies  here. 

Results :  Studies  were  conducted  in  the  FELDA  Jengka  Triangle  area 
in  Peninsular  Malaysia.  Three  settler  populations  were  identified 
for  survey:  (1)  Jengka  17  (J17)  settled  for  about  1  year, 

(2)  Jengka  11  (Jll)  settled  for  about  5  years,  and  (3)  Jengka  2 
(J2)  settled  for  about  8  years.  The  three  settlements  were 
geographically  separated  (Figure  7) .  After  initial  briefing  of 
FELDA  officials  and  settler  representatives,  the  survey  took  place 
over  a  2  day  period  on  each  scheme.  The  intention  was  to  contact 
as  many  settlers  as  possible  during  that  time. 

Each  settler  was  interviewed  to  ascertain  basic  socio¬ 
demographic  data,  and  a  blood  sample  was  taken  for  serological 
testing.  One  settler  in  5  (all  those  whose  survey  identification 
number  ended  in  0  or  5)  was  interviewed  further  to  determine  work 
patterns  both  on  and  off  the  settlement.  The  social,  demographic, 
and  work  data  is  still  being  analyzed.  Within  6  hours  following 
collection  of  blood,  sera  were  separated  and  frozen  at  -20°C 
until  tested.  Serological  examination  included  screening  for  R. 
tsutsugamushi  antibody  at  a  dilution  of  1:50  by  the  indirect  FAT 

(Try. 


R.  tsutsugamushi  attack  rates  were  calculated  from  antibody 
prevalence  rates  by  methods  previously  described  using  a  standard 
annual  reversion  rate  of  0.61  (19).  Rates  were  compared  using 
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Figure  7.  Location  of  schemes  studied. 
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Chi-square  (X  ),the  student's  t-test,  and  curve  fitting  by  trial 
and  error. 

Overall  compliance  of  settlers  on  the  3  schemes  was  43.41 
(range  32.11  -  63.81)  in  the  2  days.  Population  details,  response 
and  antibody  prevalence  are  summarized  in  Table  4.  The 
distribution  of  years  settled  is  shown  at  Figure  8  for  each  scheme; 
note  that  the  vast  majority  of  settlers  fall  within  a  1-year  band 
specific  for  each  scheme.  In  the  case  of  J2,  a  small  group  of  14 
settlers  were  3  years  behind  the  earliest  settlers  in  the  main 
group  and,  thus,  have  a  disproportionate  effect  on  the  mean.  They 
have  been  excluded  from  subsequent  calculations. 


Table  4.  Settler  response  and  antibody  prevalence  by  scheme 


Scheme 

Settler 

Population 

Responders 

Per  Cent 
Compliance 

Antibody  Prevalence/100 
(Mean  years  settled) 

J17 

398 

254 

63.8 

28.74 

(1.16) 

Jll 

471 

151 

32.1 

39.71 

(4.75) 

J2 

373 

121 

32.4 

12.15 

(7.43) 

Total 

1242 

526 

42.4 

28.71 

The  prevalence  rates  of  antibody  were  12%  on  J2,  401  on  Jll, 
and  29%  on  J17.  They  differed  significantly  in  the  3  schemes 
(X^  *  23.39,  Df  =  2,  p  <0.0005),  and  each  differed  significantly 
from  the  others  (J17/J11,  p  <0.05;  J17/J2  and  J11/J2,  p  <0.001). 

The  antibody  prevalence  rates  were  converted  to  estimates  of 
attack  rates,  and  the  mean  time  settled  on  each  scheme  was  adjusted 
to  allow  for  the  interval  between  planting  and  settlement.  Using 
functions  of  the  estimated  attack  rate  (A)  as  the  ordinate  and 
functions  of  time  planted  in  years  (T)  on  the  same  scheme  as  the 
abscissa,  the  data  were  found  to  have  a  statistically  significant 
relationship  expressed  by  the  formula: 


fl  +  0,422.eb’eT) 
(1  -  0.422.eb.eT) 


where:  b  =  (-7.204  x  10" 5) 


i 


Figure  8.  Distribution  of  scheme  populations  by  time  settled.' 

't'  indicates  mean 
*  excluded  from  mean  (see  text) 
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This  curve  is  shown  in  Figure  9  with  the  three  points  calculated 

from  observation  of  prevalence  indicated.  \ 

By  substitution  of  ^  in  the  equation  of  Mtench  (12) ,  estimates 
of  antibody  prevalence  (P)  are  obtained  over  the  same  range  of 
years  settled: 

£  .  (l-e-Ti$  *  0.61), 

A  +  0.61 

where:  Ti  =  mean  time  settled 

The  resultant  curve  is  shown  at  Figure  10  with  the  three  observed 
prevalence  rates  indicated. 

Using  the  estimate  of  annual  attack  rate  and  correcting  for  an 
assumed  Poisson  distribution,  the  number  of  individuals  expected  to 
be  infected  annually  can  be  calculated  as  a  proportion  of  the 
population  for  each  point  of  the  curve.  Using  the  2.3  ratio  of 
infected  to  sick  persons  found  in  Taiwan  (13) ,  the  number  of 
persons  expected  to  suffer  scrub  typhus  annually  can  also  be 
calculated  as  a  proportion  of  the  population.  These  lines  are 
shown  in  Figure  11.  The  estimate  of  morbidity  is  shown  with  ±  2 
standard  errors  based  on  the  average  number  of  persons  surveyed 
per  scheme. 

This  study  confirms  the  earlier  suggestion  that  rates  of  human 
infection  with  R.  tsutsugamushi  might  vary  in  oil  palm  of  differing 
ages.  In  oil  palm  developments  the  antibody  prevalence  rates  can 
be  explained  in  terms  of  an  initially  high  attack  rate  that  remains 
fairly  static  for  about  the  first  7  years  after  planting  and  then 
declines  exponentially  to  zero  in  the  following  4  to  5  years. 


LEPTOTROMBIDIUM  (LEPTOTROMB I DI UM)  VIVERICOLA,  VERCAM40N - GRANUJEAN 
AND  LANGSTON,  1976,  AS  A  POSSIBLE  VECTOR  OF  SCRUB  TYPHUS 
IN  PENINSULAR  MALAYSIA 

Three  species  of  Leptotromb idium  are  known  to  be  vectors  of 
scrub  typhus  in  Peninsular  Malaysia.  These  include:  L.  (L.) 
fletcheri  (formerly  akamushi  in  Malaysia),  L.  (L.)  deTiense,  and 
L.  (L.)  arenicola. 

L.  (L.)  fletcheri  is  found  in  lalang  fields  (Imperata 
cylindrical (10)  throughout  Peninsular  Malaysia.  The  natural 
transmission  of  R.  tsutsugamushi  has  been  studied  within  an 
infected,  laboratory-reared  colony  of  L.  (L.)  fletcheri  (15,16,29). 
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oil  palm  settlements-estimated  attack  rates 


Figure  10.  Estimate  of  antibody 


Settlers 


estimated  to  be  affected  annually. 


L.  (L.)  deliense  is  distributed  throughout  much  of  Southeast  Asia 
and  Is  the  major  vector  in  forest,  scrub,  and  oil  palm  habitats 
throughout  Peninsular  Malaysia  (10) .  L.  (L.)  arenicola  is  found 
along  the  sandy  beaches  of  Peninsular  Malaysia  (26,  27)  and  has 
been  reported  from  beaches  around  Jakarta,  Indonesia  (9). 
Transovarial  transmission  has  been  reported  from  2  separate 
laboratory- reared  colonies  of  this  species  (14,  18). 

In  1976,  a  species  of  chigger  was  collected  that  was 
taxonomically  similar  to  L.  (L. )  arenicola  but  was  found  in 
inland  locations  not  associated  with  sandy  beaches.  Additional 
specimens  have  since  been  collected  from  various  study  sites. 
Recently,  Vercammen- Grand j ean  and  Langston  (28)  described  a 
species,  L.  (L.)  vivericola,  which  taxonomically  conformed  to  our 
specimens.  Confusion  in  the  taxonomic  position  of  this  species  has 
been  resolved  by  obtaining  the  holotype  of  the  species.  The 
holotype  was  remeasured,  and  the  discrepancies  in  the  original 
reported  description  have  been  noted.  The  new  measurements  along 
with  the  averages  of  a  series  of  collections  are  presented  in 
Table  5. 

In  recent  years,  small  collections  of  L.  (L.)  vivericola  have 
been  made  from  various  study  sites,  including  Elmina  Estate  (21) 
Bukit  Mendi,  and  the  Jengka  Triangle  (WRAIR  Annual  Progress 
Report,  1  Oct  77  -  30  Sep  78).  Infected  chiggers  have  been 
identified  from  all  of  these  collection  sites.  In  the  Jengka 
study,  over  261  of  the  total  chiggers  collected  from  black  plates 
have  been  L.  (L.)  vivericola.  However,  less  than  1%  of  chiggers 
collected  Irom  mammals  have  been  this  species.  The  majority  of  the 
previous  collections  of  L.  (L.)  vivericola  have  been  from  the  tree 
shrew,  Tupaia  elis.  Because  few  T.  glis  have  been  collected  from 
the  Jengka  study  site,  ground  birds  are  being  investigated  as 
possible  major  hosts  for  this  species. 


TROMBICULID  MITE  COLONIES 

Two  colonies  of  R.  tsutsugamushi  infected  vector  chiggers  are 
maintained  by  the  Department  of  Acarology .  The  infected  colony  of 
L.  (L.)  fletcheri,  currently  in  its  31st  generation,  was  collected 
from  a  lalang  field  near  Kampung  Jenderam,  Peninsular  Malaysia. 

The  L.  (L.)  arenicola  infected  colony  was  collected  under 
vegetation  along  a  sandy  beach  near  Mersing,  Peninsular  Malaysia 
and  is  in  its  18th  generation. 

The  transovarial  and  transtadial  infections  of  both  colonies 
have  been  studied  in  detail  (15,  18).  Additionally,  these 
colonies  and  their  uninfected  counterparts  have  been  used  in 
studies  on  R.  tsutsugamushi  transmission  and  on  chigger  life 
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Table  5.  Scutal  measurements  of  Leptotrombidium  (Leptotrombidium)  vivericola 
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cycles  (5,  16,  29).  Characterization  of  R.  tsutsugamushi  organisms 
existing  in  22  lines  of  the  25th  generation  of  the  L.  (L.)  fletcheri 
colony  and  23  lines  of  the  13th  generation  of  the  L.  (L.)  arenicola 
colony  have  been  conducted  (WRAIR  Annual  Progress  Report,  1  Oct  77  - 
30  Sep  78) .  Chiggers  from  both  the  infected  and  uninfected 
colonies  are  supplied  to  WRAIR  for  laboratory  studies  as  needed. 

During  the  past  reporting  period,  both  infected  colonies  were 
used  to  transmit  R.  tsutsugamushi  to  human  volunteers  in  the 
initial  phase  of  a  chemoprophylaxis  study  (see:  Chemoprophylaxis  of 
Laboratory  Induced  Scrub  Typhus  with  Oral  Doxycycline) .  This  was 
the  first  time  that  these  colonies  have  been  experimentally  fed  on 
humans,  and  chiggers  from  both  colonies  proved  highly  effective  in 
the  transmission  of  R.  tsutsugamushi  infections.  The  L.  (L.) 
fletcheri  chiggers  appeared  to  transmit  the  more  virulent  organisms 
and  will  be  utilized  in  the  second  phase  of  this  study  during  the 
upcoming  reporting  period. 


DISTRIBUTION  OF  ANTIGENIC  STRAINS  OF  RICKETTSIA  TSUTSUGAMUSHI 

IN  ENDEMIC  REGlOFJ 

Background:  Antigenic  heterogeneity  of  R.  tsutsugamushi  has  been 
reported  sufficiently  for  the  trait  to  become  widely  accepted  as 
characteristic  of  the  organism.  Antigenic  characterization  of  many 
isolates  from  Thailand,  West  Pakistan,  and  Peninsular  Malaysia  have 
demonstrated  the  predominance  of  Karp  and  Karp-related  strains 
(7,  20,  22).  Knowledge  of  the  prevalence  and  distribution  of 
antigenic  strains  of  R.  tsutsugamushi  in  the  endemic  region  is  an 
obvious  prerequisite  to  the  selection  of  antigens  in  the 
development  of  immunoprophylactic  agents.  Isolates  from  different 
geographic  areas  within  Peninsular  Malaysia  and  specimens  from 
other  areas  in  the  Asiatic-Pacific  region  were  obtained  for 
analysis. 

Results : 

I.  Peninsular  Malaysia 

A  principal  Unit  study  site  has  been  in  Central  Pahang. 
Since  the  findings  in  this  area  might  not  reflect  the  prevalence 
and  distribution  of  antigenic  types  in  the  entire  endemic  region, 
infected  chiggers  collected  from  varied  habitats  throughout 
Peninsular  Malaysia  were  antigenically  analyzed  (Table  6).  The 
chiggers  were  collected  by  the  black-plate  technique  (8) ,  and  the 
identification  of  R.  tsutsugamushi  organisms  in  unengorged 
chiggers  was  made  by  direct  FAT  (4) (Table  7) .  Results  showed  that 
103  of  155  (661)  isolates  were  monotypic,  and  the  majority  of 
these,  96,  were  Karp.  A  tabulation  of  the  frequency  of  which  each 
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Table  6.  Sites  of  chigger  collection  in  Peninsular  Malaysia 


State 

Location 

Habitats 

Time 

Johore 

Kluang,  Peletong,  Sedeli 
Kechil,  Masai,  Minyak 

Beku 

Scrub,  lalang, 

forest 

November  1978 

Pahang 

Bukit  Mendi 

Oil  palm 

Mar  76  -  Jul  76 

Pahang 

Cameron  Highlands 

Highland  forest 

April  1979 

Selangor 

Rawang,  Jenderam,  Kuala 
Selangor  Road,  Subang, 
Bangi,  Ulu  Langat 

Lalang,  forest 

Apr  -  May  1978 
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Table  7.  Antigenic  characterization  of  Rickettsia  tsutsugamushi  organisms  found  in  chiggers  collected 
in  Peninsular  Malaysia 
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prototype  strain  of  R.  tsutsugamushi  occurs  among  the  isolates 
reveals  the  overwhelming  predominance  of  the  Karp  strain  (92.91) 
(Table  8).  The  other  strains  found  in  these  chiggers  were  TA686, 
TA763,  TA716,  and  Kato;  al]  are  serologically  related  to  Karp 
(6,  20).  With  the  exception  of  5  Babiangia  parmifera  chiggers 
collected  in  Selangor,  all  chiggers  belonged  to  the  Leptotrombidium 
(Leptotrombidium)  group  (Table  9) .  This  study  represents  the 
first  confirmed  report  of  infected  L.  (L.)  bodense,  L.  (L.) 
keukenschrij veri ,  and  L.  (L.)  scut  ell are  in  Malaysia. 

Isolations  of  scrub  typhus  organisms  from  blood  of  different 
animals  trapped  at  Bukit  Mendi  and  Johore  were  attempted.  Of 
those  collected  at  Bukit  Mendi,  59  of  312  (18,91)  animals  were 
rickettsemic  (WRAIR  Annual  Progress  Report,  1  Oct  77  -  30  Sep  78). 
Twenty-one  rodents  trapped  in  Johore  were  also  tested,  but  none 
were  found  to  be  infected  with  R.  tsutsugamushi  organisms. 

II.  Thailand 

This  study  represents  a  cooperative  effort  with  the  Armed 
Forces  Research  Institute  of  Medical  Sciences,  Bangkok,  Thailand. 
Unengorged  chiggers  were  collected  from  various  sites  throughout 
Thailand  (Figure  12)  and  shipped  in  vials  of  water  to  Kuala  Lumpur 
for  identification  of  the  species  and  antigenic  characterization 
of  R.  tsutsugamushi  in  the  infected  chiggers.  The  collections  were 
made  intermittently  from  July  1977  through  December  1978. 

Table  10  summarizes  the  species  of  chiggers  collected  from  the 
respective  sites.  These  included  not  only  those  chiggers  examined 
for  the  presence  of  scrub  typhus  organisms,  but  also  the  ones 
which  were  dead  upon  arrival.  Leptotrombidium  (L.)  species 
comprised  94.41  of  entire  collection,  and  L.  (L.J  deliense  was  the 
most  predominant  of  these  (61.5%) . 

The  infection  rates  in  the  chiggers  obtained  from  4  of  7 
study  sites  were  as  follows:  Chiang  Mai  -  47/524  (9,0?),  Nakom 
Ratchasima  -  52/382  (13.6?),  Pak  Chong  -  21/297  (7.3%),  Ubon 
Ratchathani  -  26/675  (3.9?).  The  chiggers  from  the  other  3  areas 
were  not  examined  due  to  technical  problems.  Species  of  infected 
chiggers  are  recorded  in  Table  11.  Ninety-five  percent  of  the 
infected  chiggers  belonged  to  the  Leptotrombidium  (L.)  group, and 
L.  (L.)  deliense  comprised  the  largest  single  group  of  infected 
chiggers  (59.6?).  This  is  the  first  recorded  incidence  of  infected 
chigger  species  other  than  L.  (L.)  deliense  in  Thailand.  The  role 
that  infected  non-trombiculld  mites  might  play  in  the  epidemiology 
of  scrub  typhus  is  not  known. 

Results  of  typing  the  R.  tsutsugamushi  organisms  in  the 
infected  chiggers  are  shown  in  Tables  12  and  13.  Monotypic 
infections  were  observed  in  76.7?  of  the  chiggers.  There  appears 
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Number  of  positive  chiggers /number  of  total  chiggers  (%  infected) 


Figure  12.  Locations  of  black-plated  chigger  collection  sites  in 
Thailand,  (1)  Chiang  Mai,  (2)  Nakorn  Ratchasima, 

(3)  Ubon  Ratchathani,  (4)  Surin,  (5)  Kanchanaburi , 

(6)  Prachin  Buri,  (7)  Pak  Chong. 
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Table  13-  Antigenic  characterization  of  Rickettsia  tsutsugamushi  organisms  found  in  various  infected 
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to  be  no  correlation  between  either  the  antigens  and  the  collection 
sites  or  the  antigens  and  the  chigger  species.  Table  14  summarizes 
the  frequency  in  which  the  prototype  R.  tsutsugamushi  strains  occur 
among  the  infected  chiggers.  The  most  common  strain  was  Karp 
(60.31),  and  the  only  other  strains  found  were  the  Karp-related 
ones  (TA716 ,  TA763,  TA686  and  Kato) . 

III.  Taiwan 

Isolates  from  humans,  rodents,  and  chiggers  were  provided 
by  Dr.  James  Coolbaugh,  formerly  of  Naval  Medical  Research  Unit  2, 
Taiwan.  Rodent  isolations  were  made  from  either  single  or  pooled 
rat  spleen/kidney  suspensions.  Pools  of  chiggers  were  used  for 
isolating  R.  tsutsugamushi  organisms  from  vectors.  The  isolates 
were  characterized  antigenically  by  the  direct  FAT  (Table  15) . 
Results  showed  that  26  of  49  (53.11)  isolates  contained  mixtures 
of  2  or  more  strains.  TA716  and  Karp  strains  were  the  most 
frequently  occurring  antigens  among  the  isolates  (Table  16) . 

Gilliam  and  TA678  strains  were  not  identified. 

IV.  Philippines  Islands 

Rodent  isolates  were  provided  by  Dr.  James  Coolbaugh. 

The  direct  FAT  was  used  to  characterize  the  isolates  antigenically 
(Table  17).  Two  or  more  antigens  were  found  in  87.81  of  the 
isolates,  and  the  most  predominant  antigens  in  order  of  frequency 
were  TA716,  TA686,  Karp,  and  TA763  (Table  18). 

V.  Banks  Islands  and  Ndende  Island 

Rats  and  chiggers  were  collected  in  the  Banks  Islands, 
Northern  New  Hebrides,  and  in  different  sites  of  Ndende  Island  in 
the  Santa  Cruz  group.  The  isolates  were  provided  by  Dr.  J.A.R. 
Miles  of  University  of  Otago,  Dunedin,  New  Zealand,  and  were 
characterized  antigenically  by  the  direct  FAT  (Table  19) .  A 
majority  of  the  isolates  (72.7%)  contained  mixtures  of  2  or  more 
antigens.  The  most  common  antigen  was  TA716,  with  the  remaining 
being  Karp,  TA763  and  TA686  (Table  20). 

VI.  Australia 

Fifty- two  isolates  from  humans,  rodents,  and  chiggers 
were  provided  by  Mr.  Ray  Campbell  of  the  Queensland  Institute  for 
Medical  Research,  Brisbane,  Queensland.  Direct  FAT  was  used  to 
characterize  the  isolates  antigenically  (Table  21) .  Two  or  more 
antigens  were  present  in  71.2%  of  the  isolates.  TA716  antigen  was 
the  most  prevalent  (94.2%)  antigen,  followed  by  TA763,  TA686,  and 
Karp  antigens  (Table  22).  Gilliam  antigen  was  present  in  2  rodent 
isolate^,  one  in  combination  with  TA716  and  the  other  being 
monotypic. 


Table  14.  Frequency  of  Rickettsia  tsutsugamushi  prototype  antigens  found  among  the  chiggers  collected  in 
Thailand 
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'Expressed  as  the  percentage  of  chiggers  in  which  the  respective  antigen  was  identified. 
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Table  17.  Antigenic  characterization  of  Rickettsia 
tsutsugamushi  organisms  isolated  from 
rodents  in  Philippines 


Antigenic  Combinations 

Number  (9o) 

Karp 

1  (2.4) 

TA686 

1  (2.4) 

TA716 

2  (4.9) 

TA763 

1  (2.4) 

Karp,  TA686 

1  (2.4) 

Karp,  TA716 

1  (2.4) 

Karp,  TA763 

1  (2.4) 

TA686 ,  TA716 

5  (12.2) 

TA716,  TA763 

1  (2.4) 

Karp,  TA686,  TA716 

5  (12.2) 

Karp,  TA686 ,  TA763 

1  (2.4) 

Karp,  TA716,  TA763 

1  (2.4) 

TA686 ,  TA716,  TA763 

4  (9.8) 

Karp,  TA686,  TA716,  TA763 

15  (36.6) 

Karp,  Kato,  TA686,  TA716,  TA763 

1  (2.4) 

TOTAL 

41  (99.7) 
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Table  18.  Frequency  of  Rickettsia 

tsutsugamushi  prototype  antigen" 
found  among  the  rodent  isolates 
collected  in  Philippines 


Prototype 

Isolates 

Antigen 

Number 

Frequency* 

TA716 

35 

28.9 

TA686 

33 

27.3 

Karp 

27 

22.3 

TA763 

25 

20.7 

Kato 

1 

0.8 

Gilliam 

- 

- 

TA678 

- 

- 

TH1817 

- 

- 

*Expressed  as  the  percentage  of  isolates 
in  which  the  respective  antigen  was 
identified. 
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Table  19.  Antigenic  characterization  of  Rickettsia  tsutsugamushi 
organisms  isolated  from  rodents  and  chiggers  collected 
in  Banks  and  Ndende  Islands 


Antigenic 

Isolates 

Total 

Combinations 

Rodents 

Chiggers 

TA716 

3 

- 

3  (27.3)* 

Karp,  TA716 

- 

1 

1  (9.D 

TA716,  TA763 

1 

- 

1  (9.1) 

Karp,  TA716,  TA763 

2 

- 

2  (18.2) 

Karp,  TA686,  TA716,  TA763 

1 

3 

4  (36.4) 

TOTAL 

7  (63.6) 

4  (36.4) 

11  (100.1) 

*Number  of  isolates  (I) 


( 
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Table  20.  Frequency  of  Rickettsia  tsutsugamushi  prototype  antigens 
found  among  the  isolates  collected  in  Banks  and  Ndende 
Islands 


Prototype 

Isolates 

Antigen 

Rodents 

Chiggers 

Total 

Number 

Frequency* 

Number 

Frequency 

Number 

Frequency 

TA716 

7 

46.7 

4 

28.6 

11 

37.9 

Karp 

3 

20.0 

4 

28.6 

7 

24.1 

TA763 

4 

26.7 

3 

21.4 

7 

24.1 

TA686 

1 

6.7 

3 

21.4 

4 

13.8 

Kato 

- 

- 

- 

- 

- 

- 

Gilliam 

- 

- 

- 

- 

- 

- 

TA678 

- 

- 

- 

- 

- 

- 

TH1817 

- 

- 

- 

- 

‘Expressed  as  the  percentage  of  isolates  in  which  the  respective 
antigen  was  identified 
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Table  21  Antigenic  characterization  of  Rickettsia  tsutsugamushi  organisms 
isolated  from  humans,  rodents  and  chiggers  in  Australia 


Antigenic  Combinations 

Human 

.  .  ... 

Isolates 

Rodent 

Chigger 

Total 

Gilliam 

1 

- 

1  (1.9)* 

TA686 

- 

2 

- 

2  (3.8) 

TA716 

5 

3 

4 

12  (23.1) 

Karp,  TA716 

4 

2 

- 

6  (11.5) 

Gilliam,  TA716 

- 

1 

- 

1  (1.9) 

TA686,  TA716 

4 

1 

- 

5  (9.6) 

TA716,  TA763 

6 

3 

- 

9  (17.3) 

Karp,  TA686 ,  TA716 

- 

3 

- 

3  (5.8) 

Karp,  TA716,  TA763 

4 

2 

- 

6  (11.5) 

TA686 ,  TA716,  TA763 

3 

3 

- 

6  (11.5) 

Karp,TA686,TA716,TA763 

1 

- 

- 

1  (1.9) 

TOTAL 

27  (51.9) 

21  (40.4) 

4  (7.7) 

52  (99.8) 

*Number  of  isolates  (I) 
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VII.  Indonesia 


Isolation  attempts  were  made  on  frozen  blood  from  131 
rodents,  provided  by  Dr.  Lim  Boo  Liat,  WHO/Vector  Biology  and 
Control  Research  Unit  No. 2,  Jakarta,  Indonesia.  R.  tsutsugamushi 
organisms  were  not  found  in  any  of  the  rodent  blood. 

Summary: 

1.  Consolidating  the  data  from  the  7  countries,  54.71  of  the 
total  isolates  contained  only  a  single  antigen,  while  45.31  had 
mixtures  of  2  or  more  antigens  (Table  23) .  Taken  separately, 
chigger  isolates  were  more  monotypic  (68.5%)  than  multitypic  (31.51). 

2.  The  predominant  antigens  throughout  the  endemic  areas  were 
the  serologically  related  TA716,  Karp,  TA763,  and  TA686  antigens. 


ANTIGENIC  COMPARISON  OF  PROTOTYPE  AND  FIELD  ISOLATES 

The  identification  and  the  characterization  of  the  most  common 
strain (s)  in  a  given  area  is  required  for  the  selection  of  a 
proper  combination  of  strains  to  comprise  an  effective  vaccine. 

The  existence  of  multiple  antigenic  strains  in  Peninsular  Malaysia 
has  been  demonstrated  by  the  direct  fluorescent  antibody  technique. 
We  felt  a  need  to  compare  the  antigenic  components  of  the  existing 
prototype  strains, as  well  as  some  selected  field  isolates, by  a 
technique  which  could  more  closely  be  correlated  with  an  organism's 
ability  to  protect  an  animal  from  R.  tsutsugamushi  infection.  The 
cross  neutralization  test  was  selected  for  this  purpose.  Only 
limited  study  has  been  done  to  date.  The  basics  of  the  test,  such 
as  the  optimal  volumes  of  serum  and  rickettsiae  to  be  used  and  the 
proper  incubation  time  and  temperature  of  the  test,  have  been 
determined.  High  titered  antisera  are  currently  being  prepared  in 
rabbits. 


STUDIES  OF  CELL  MEDIATED  IMMUNITY 
IN  RICKETTSIA  TSUTSUGAMUSHI  INFECTION 

The  emphasis  of  this  study  has  been  to  develop  an  adequate 
scrub  typhus  antigen  to  measure  the  specific  responses  of  the 
sensitized  lymphocytes.  Attempts  to  prepare  concentrated  antigens 
and  to  prepare  antigens  by  different  procedures  have  yielded 
unsatisfactory  results.  Despite  these  setbacks,  the  development  of 
a  cell-mediated  immunity  (CMI)  test  for  scrub  typhus  is  of  the 
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Table  23.  Antigenic  composition  of  human,  rodent  and  chigger  isolates  collected  from  7  different  countries 
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utmost  importance.  More  emphasis  will  be  placed  on  CMI  study  with 
the  evaluation  of  other  in  vitro  correlates  of  CMI,  such  as  the 
leucocyte  adherence  inhibition,  macrophage  migration  inhibition, 
and  macrophage  rickettsiacidal  tests.  Special  emphasis  will  be 
given  to  the  latter  test.  Attempts  to  develop  a  lymphocyte 
transformation  test  will  also  continue. 


EXPERIMENTAL  RICKETTSIA  TSUTSUGAMUSHI  INFECTION  IN  LABORATORY-BRED 
CYNOMDLGUS  MONKEYS,  MACACA  FASCICULARIS 

Background:  Previous  studies  in  our  laboratory  have  demonstrated 
the  susceptibility  of  cynomolgus  monkeys,  Macaca  fascicularis,  to 
R.  tsutsugamushi  infection  (WRAIR  Aiinual  Progress  Reports,  1  Oct 
76  -  30  Sep  77;  1  Oct  77  -  30  Sep  78).  These  monkeys  were  wild- 
caught  and  free  of  demonstrable  antibodies  to  R.  tsutsugamushi 
when  tested  by  the  indirect  immunofluorescent  test.  However,  the 
possibility  of  previous  natural  infection  which  could  alter  the 
animal’s  response  to  experimental  infection  could  not  be  excluded 
completely.  The  availability  of  cynomolgus  monkeys  bred  in  the 
laboratory  and  maintained  under  conditions  that  eliminated 
exposures  to  vector  chiggers  allowed  us  to  compare  R.  tsutsugamushi 
infection  in  laboratory-bred  and  wild-caught  animals. 

I.  Primary  Infection 

Graded  doses  of  106,6,  105,6,  and  104,6  50°*  mouse 
infectious  doses  (MIDcq)  of  the  Karp  strain  were  administered 
intradermally  (ID)  and  intravenously  (IV)  into  different  groups  of 
monkeys.  Clinical,  hematological,  and  serological 
responses  to  infection  were  examined.  Rickettsemic  studies  were 
also  performed. 

The  responses  of  the  monkeys  to  ID  and  IV  inoculation  of  the 
Karp  strain  of  R.  tsutsugamushi  are  summarized  in  Table  24.  The 
ID-infected  animals  receiving  the  highest  dose  had  the  most 
pronounced  reactions.  Similar  responses  were  observed  in  IV- 
infected  monkeys,  but  no  clinical  signs  were  seen  in  the  monkeys 
receiving  lO^b  MIDcq.  Four  deaths  occurred  in  the  IV- inoculated 
animals,  3  in  the  106.6  MIDcq  inoculated  group  and  one  in  the 
105.6  MID50  inoculated  group/  In  all  cases,  the  animals  became 
anemic,  leucopenic,  thrombocytopenic,  and  demonstrated  an  increase 
in  erythrocyte  sedimentation  rate.  However,  the  degree  of 
alteration  was  directly  proportional  to  the  dosage.  Generally, 
the  antibody  responses  to  the  homologous  and  heterologous  antigens 
were  similar  in  both  ID-  and  IV- inoculated  animals,  with  the 
maximum  titers  (1:200  -  1:400)  attained  2  months  post -inoculation. 
The  titers  were  slightly  higher  in  IV-inoculated  animals  during 
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comparable  times.  In  ID- inoculated  monkeys,  the  heterologous 
antibodies  appeared  about  a  week  later  and  tended  to  disappear 
earlier. 

II.  Secondary  Infection 

On  125  days  post-primary  infection,  21  survivors  from  the 
above  study  were  placed  into  5  groups  and  were  inoculated  ID  with 
Karp,  Gilliam,  TA763,  Karp  and  Gilliam,  or  Karp  and  TA763. 

Animals  were  examined  for  the  same  responses. 

Results  of  the  challenge  are  summarized  in  Table  25.  Karp- 
infected  animals  were  resistant  to  homologous  challenge,  but  not 
to  heterologous  ones.  Even  though  TA763  is  serologically  related 
to  Karp,  fever  and  rickettsemia  were  observed.  When  the  challenge 
inoculum  contained  both  Karp  and  TA763,  the  response  was  more 
severe  in  that  regional  lymphadenopathy  and  eschar  were  observed 
in  2  of  5  monkeys.  In  cases  where  rickettsemia  was  demonstrated, 
no  Karp  organisms  were  detected.  This  was  true  even  when  the 
inoculum  consisted  of  Karp  organisms.  No  deaths  were  noted  in  any 
monkeys  following  challenge. 

Summary; 

1.  The  susceptibility  of  the  laboratory-bred  cynomolgus  monkeys 
to  the  Karp  strain  of  R.  tsutsugamushi  compared  favorably  to  that 
observed  in  wild-caught  animals. 

2.  The  animals  were  protected  against  homologous  challenge  after 
125  days,  but  not  against  heterologous  challenge,  including  TA763 
strain  which  is  serologically  related  to  Karp. 


CHEMOPROPHYLAXIS  OF  LABORATORY  INDUCED  SCRUB  TYPHUS 
WITH  OPAL  DOXYCYCLJNE 

Background :  Currently  there  are  no  practical  means  of  preventing 
scrub  typhus.  An  effective  vaccine  or  safe  chemoprophylactic 
agent  is  not  available.  Control  of  the  vector  chigger  by  removing 
vegetation,  controlling  rodents,  spraying  with  acaricides,  or 
using  repel lants  is  either  impractical  or  ineffective. 

Attempts  at  chemoprophylaxis  have  been  made.  Smadel  and 
co-workers  (23,  24,  25)  found  chloramphenicol  to  be  unsuitable 
even  before  the  occasionally  disastrous  side  effect  of  bone 
marrow  aplasia  was  associated  with  its  use.  In  a  more  recent 
study,  investigators  working  in  the  Pescadores  Islands  compared 
the  effects  of  weekly,  oral,  200  mg  doxycycline  with  those  of  a 
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Strain (s)  of  R.  tsutsugamushi  found  in  monkey  blood. 


placebo  in  a  large  population  of  Taiwanese  troops  (Naval  Medical 
Research  Unit  2,  Taiwan,  personal  communication).  An  acceptable 
statistical  difference  was  not  attained  due  to  the  combined 
effects  of  a  low  incidence  of  scrub  typhus  and  problems  of 
compliance.  However,  the  study  did  demonstrate  the  safety  of 
doxycycline.  No  serious  side  effects  were  observed  in  several 
hundred  soldiers  given  200  mg  doxycycline  weekly  for  5  months. 

We  recently  published  the  results  of  a  single  dose  doxycycline 
therapeutic  trial  for  presumptive  scrub  typhus  which  showed  the 
efficacy  of  the  drug  in  therapy  and  its  safety  even  in  a  situation 
confused  by  multiple  and  potentially  serious  febrile  illnesses  (2). 
The  only  side  effect  of  note  encountered  was  gastric  irritation, 
a  symptom  that  was  at  least  aggravated  by  the  anorexia  and 
malaise  of  febrile  patients.  The  study  found  no  evidence  of 
patient  sensitivity  or  photosensitization  despite  being  conducted 
in  the  tropics. 

A  study  to  determine  the  efficacy  of  a  single,  200  mg  dose  of 
oral  doxycycline  given  weekly  for  the  prevention  of  scrub  typhus 
morbidity  was  approved  by  the  IMR  Committee  on  Research  Involving 
Human  Subjects,  the  WRAIR  Human  Use  Committee,  and,  in  principal, 
by  the  Surgeon  General's  Human  Subjects  Research  Review  Board. 

The  latter  board  withheld  final  approval  of  Phase  II  of  the  study 
pending  the  successful  completion  of  Phase  I.  Phase  I  was 
designed  to  test  the  feasibility  of  using  laboratory  reared  chiggers 
to  infect  volunteers  in  the  definitive  Phase  II  portion  of  the 
study  and  was  successfully  completed  this  year.  The  results  of 
Phase  I  are  reported  here. 

Results :  R.  tsutsugamushi  infected  L.  (L.)  fletcheri  chiggers 
were  attacKed  to  two  volunteers  and  Infected  L.  (L.)  arenicola  to 
one  volunteer  using  capsules  (3).  The  L.  (L.J  fletcheri  chiggers 
attached  readily  and  rapidly  on  both  suFjects.  L.  (L.)  arenicola 
attached  slowly  and  with  difficulty.  All  attached  cHiggers 
engorged  and  were  removed  from  the  subjects  approximately  50  hours 
after  application.  Engorged  chiggers  were  tested  for  R. 
tsutsugamushi  infection  using  the  direct  fluorescent  antibody  test 
T4).  All  were  infected. 

All  subjects  developed  typical  clinical  signs  and  symptoms  of 
scrub  typhus  which  included  fever,  eschar  formation  with  regional 
lymphadenopathy,  severe  headache,  and  myalgia.  The  disease 
appeared  to  assume  a  milder  course  in  the  L.  (L.)  arenicola  subject. 
The  onset  of  symptoms  was  on  day  7  post  chlgger  attachment  (PCA) 
for  the  two  L.  (L.)  fletcheri  subjects  and  day  9  for  the  L.  (L.) 
arenicola  suFject.  Only  the  L.  (L.)  fletcheri  subjects  developed 
a  transient  generalized  rash  as  a  result  of  infection.  Laboratory 
findings  also  indicated  the  one  L.  (L.)  arenicola  subject 
suffered  a  milder  scrub  typhus  infection.  All  subjects  experienced 


a  profound  depression  in  platelet  counts  and  marked  leucopenia. 

The  only  consistent  biochemical  finding  in  the  3  subjects  was 
hyperkalemia.  Only  the  2  L.  (L.)  fl etcher i  subjects  developed 
elevated  lactic  dehydrogenase  and  serum  glutamic  oxaloacetic 
transaminase  levels. 

Rickettsemias  were  consistently  present  from  day  10  through 
day  22  PCA  in  the  L.  (L.)  fletcheri  subjects  but  were  only 
intermittently  observed  in  the  L.  (L . )  arenicola  subject 
(Table  26) .  Serum  antibody  conversTons  were  detected  in  all 
volunteers  by  day  22  PCA  using  the  indirect  fluorescent  antibody 
test  (Table  27). 

All  subjects  received  one  dose  of  200  mg  doxycycline  beginning 
on  day  3  of  illness  and  recovered  uneventfully. 
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Table  26.  Rickettsemias  of  Phase  I  volunteers 


Day  Post 
Attachment 
of  Chiggers 

L. 

(L.)  fletcheri 

L.  CL* )  arenicola 

Subject  A 

Subject  B 

1 

4 

- 

- 

- 

7 

+ 

- 

- 

10 

+ 

+ 

- 

13 

+ 

+ 

+ 

16 

+ 

+ 

- 

22 

+ 

+ 

+ 

25  -  43 

- 

- 

negative  through  day  34 1 

3 

Subject  voluntarily  withdrew  from  study. 
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Table  27.  Indirect  fluorescent  antibody  titers  of  Phase  I 


volunteers3 


Day  Post 
Attachment 


L.  (L.)  fletcheri 

Subject  A 

Subject  B 

neg 

- 

neg 

neg 

neg 

SO 

50 

400 

400 

800 

200 

200 

200 

200 

100 

50 

100 

100 

L.  (L.)  arenicola 


Subject  A 


All  titers  expressed  as  the  reciprocal  of  the  last  serum 
dilution  reacting  with  the  antigen. 

hiot  done:  subject  voluntarily  withdrew  from  study. 
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1*  Etiology  of  Pediatric  Diarrhea  at  Childrens  Hospital, 

Bangkok 

OBJECTIVE :  To  determine  the  etiology  of  diarrhea  in  children 
seen  at  Children's  Hospital. 

BACKGROUND :  Enteric  infections  are  a  serious  cause  of  morbidity 
and  mortality  in  developing,  tropical  countries.  Sa lmonella. 

Shigella  and  Vibrio  have  previously  been  recognized  as  etio logic 
agents.  Recently,  rotavirus  and  enterotoxigenic  E.  coli  have  been 
recognized  as  important  pathogens  in  pediatric  diarrhea  in  the 
tropics  (1-3).  Still  more  recently,  Yersinia  enterocolitica  (4) 
and  Campylobacter  (5)  have  been  implicated  in  a  large  proportion 
of  enteric  disease.  Little  is  known  of  the  relative  significance 
of  those  pathogens  in  Bangkok.  Enteroviruses  also  may  cause 
sporadic  outbreaks  of  diarrheal  in  pediatric  populations  (6) . 

MATERIALS  AND  METHODS :  One  hundred  children  with  diarrhea  and 
100  controls  without  gastrointestinal  disease  were  studied. 

Stools  and  urine  were  collected  from  children  in  both  groups. 

Clinical  histories  were  obtained  at  the  time  of  specimen  collec¬ 
tion. 

Bacteria  in  the  stool  specimens  were  isolated  and  identified  by 
standard  techniques  (7) .  Chemical  biotyping  of  the  Entero- 
bacteriaceae  was  performed  using  the  Analytab  Enteric  (API-20E) 
system  (8,  9).  Principal  organisms  of  interest  were:  Sa lmonella 
sp. »  Shigella  sp. ,  Vibrio  sp. ,  Campylobacter  sp. ,  Y.  enterocolitica 
and  coli-  The  prevalence  of  otner  bacteria  including 
Plesiomonas  sp. ,  Aeromonas  hydrophilia  and  Shigelloides  was  also 
determined.  Serological  confirmation  of  Salmonella,  Shigella  and 
Vibrio  species  was  made  using  commercial  antisera  and  procedure, 
as  was  serotyping  of  £.  coli.  (DIFCO,  Detroit,  Mich.). 

Enterotoxigenic  E_.  coli  heat- labile  toxin  (LT)  identification  was 
made  in  the.  Y1  adrenal  cell  assay  (10,  11)  and  heat-stable  toxin 
(ST)  in  the  suckling  mouse  assay  (12,  13). 

Rotavirus  detection  was  performed  by  the  enzyme- linked  immuno¬ 
sorbent  assay  of  Ghose  (14).  Enteroviruses  were  isolated  from 
stool  specimens  by  standard  tissue  culture  diagnostic  techniques  (15). 

Urine  specimens  were  screened  for  antibiotics. 

Paired  sera  were  collected  from  the  patient  group  with  diarrhea 
for  future  assessment  of  antibody  rise  to  LT  by  microtiter  adrenal 
tissue  culture  technique  and  to  SA-11  simian  virus  by  complement 
fixation  and  enzyme- linked  immunosorbent  assay  procedures. 


Table  I 


Children  with  Diarrhea 

Well  Children 

Age 

Mean  1  11/12 

years 

1  9/12  years 

Range  1/12 

-  5 

years 

1/12  -  5  years 

Sex 

Males 

67 

51 

Females 

33 

49 

Duration  of  Diarrhea 

Mean 

44 

hours 

4%  (4/89)  had  diarrhea  in 

Range  2 

-  72 

!  hours 

preceding  two  weeks 

Number  of  Stools  within  24  hours 

<  5 

41 

- 

<  10 

46 

<  15 

9 

Not  Recorded 

4 

Vomiting 

Yes 

88 

- 

No 

12 

URI 

Yes 

16 

- 

No 

84 

Rash 

Yes 

1 

No 

99 

IV  hydration 

Yes 

98 

No 

2 

Character  of  Stool 

Water 

59 

- 

Mucous 

36 

Blood 

5 

Temperature 

<  38°C 

60 

38  -  39. 9°C 

35 

>  40°C 

3 

f 
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Table  2 


Bacterial  Enteropathogens  Isolated 


Isolate 


Diarrhea  No  Diarrhea 


NAG  Group  I 


2 


0 


V.  cholerae 


2 


0 


Salmonella  Group  B  3 

Group  E  1 

Group  Ej  1 

Group  E4  2 

Shigella  9 

dysenteriae  0 

flexneri  7 

sonnei  1 

boydii  1 

Yersinia  enterocolitica  0 


0 

0 

0 

0 

1 


1 


Campylobacter 


4 


2 


Aeromonas  hydrophila 


11 


10 


Plesiomonas  shigelloides 


4 


2 


EPEC 
02 : K56 

018a  018c :K77 
020a  020b :K61 
044 : K74 
055:K59 
086a:K61 
0111 :K58 
0112 :K66 
0113 :K7 5 
0124 :K77 
0125 :K70 
0126 
0127  :K63 
0128 :K67 


18 

1 

3 

2 

0 

3 

0 

3 

1 

0 

1 

0 

2 

1 

1 


21 

1 

3 
2 
1 
1 
1 
2 
0 
2 
0 
2 

4 
1 
1 


1080 
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Table  3 


Enterotoxigenic  E.  coli 


Children  with  Diarrhea 


5AA 

LT-ST 

0 

LT 

1 

ST 

0 

-0 

> 

o 

0 

5 

0 

8A 

0 

7 

0 

14A 

0 

1 

0 

20A 

3 

4 

2 

30A 

0 

8 

0 

33A 

0 

10 

0 

34A 

10 

0 

0 

35A 

0 

4 

0 

45A 

0 

7 

0 

46A 

3 

6 

0 

57A 

0 

0 

10 

61A 

0 

5 

0 

62A+ 

0 

4 

0 

65A 

0 

2 

0 

66A 

10 

0 

0 

24A 

10 

0 

0 

7  6  A* 

0 

4 

0 

78A 

0 

0 

10 

86A 

0 

0 

10 

91 A 

9 

1 

0 

93A 

1 

0 

0 

A  One  E. 

coli  020a  020b :K61 

isolated 

non-toxigenic 

Total 

1 

5 

7 
1 
9 

8 

10 

10 

4 
7 
9 

10 

5 
4 
2 

10 

10 

4 

10 

10 

10 

1 


o  Five  E.  coli  0128: K67  isolated  non-toxigenic. 

+  Two  E.  coli  0111 :K58  isolated  non-toxigenic 
*  Two  isolates  included  in  EPEC  serotypes  018a  018c :K77 
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Controls 


LT-ST  LT 


ST  Total 


7C 

14C 

26C 

28C 

29C 

30C 

40C 

42C 

52C 

82C 

94A 

95A 


1 

8 

0 

0 

0 

0 

0 

0 

9 

0 

10 

0 


0 

0 

8 

0 

0 

8 

3 

7 

1 

2 

0 

1 


0 

0 

0 

7 

4 

0 

0 

0 

0 

0 

0 

0 


1 

8 

8 

7 
4 

8 
3 
7 

10 

2 

10 

1 


None  of  toxigenic  isolates  from  controls  of  serotypes  included 
in  EPEC  pools. 


Figure  1 
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RESULTS : 


1.  The  characteristics  of  the  children  with  diarrhea  and 
well  controls  are  listed  in  Table  I. 

2.  Bacterial  enteropathogens  isolated  are  listed  in  Table  2. 

3.  Enterotoxigenic  E_.  coli  isolates  are  listed  in  Table  3. 
Enterotoxigenic  .E.  coli  were  isolated  from  22/100  (22%)  of  children 
with  diarrhea  and  10/100  (10%)  of  well  children. 

4.  Rotavirus  was  detected  by  ELISA  technique  in  27/92  (29%) 
of  children  with  diarrhea  and  2/96  (2%)  of  well  children*. 

5.  Twenty-nine  percent  (29/100)  children  with  diarrhea  and 
fifty-three  percent  (22/41)  of  children  without  diarrhea  had 
antibiotics  detectable  in  their  urine.  There  was  no  correlation 
between  the  history  of  taking  or  not  taking  antibiotics  and  the 
presence  of  antimicrobial  agents  in  the  urine. 

6.  Enteroviruses  were  isolated  from  8/33  (24%)  of  children 
with  diarrhea  and  3/19  (16%)  of  controls.  (Figure  1) 


The  Effect  of  Antibiotic  Usage  on  the  Prevalence  of 
Bacterial  Enteric  Pathogens 


OBJECTIVE ;  To  determine  if  there  is  a  relationship  between 
consumption  of  antibiotics,  prevalence  of  diarrhea,  and  infection 
with  multi-resistant  toxigenic  E.  coli. 


BACKGROUND :  Previous  studies  have  shown  that  many  enterotoxigenic 
E.  coli  in  the  Far  East  are  resistant  to  multiple  antibiotics  (16). 
Furthermore,  the  plasmid(s)  coding  for  enterotoxin  can  occasionally 
hybridize  with  plasmids  coding  for  antibiotic  resistance  (17).  To 
determine  how  frequently  this  occurs  in  nature,  the  rectal  flora 
of  a  population  known  to  be  frequent  consumers  of  antibiotic  was 
compared  to  that  of  a  control  population. 


METHODS :  In  May  1979,  1090  prostitutes  in  Angeles  City,  Republic 
of  the  Philippines,  were  interviewed  and  urine  and  rectal  cultures 
were  collected.  Six  hundred  and  one  food  handlers  were  also 
interviewed  and  urine  and  stool  specimens  were  collected. 


*  2/96  were  +  ;  6/96  were  +  and  need  to  be  clocked  (8/96)  =  8% 
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Specimens  were  transported  to  Bangkok  in  Cary-Blair  transport 
media.  These  specimens  are  in  the  process  of  being  screened 
for  enteric  pathogens  including  tox+  E.  coli.  Twenty  percent 
of  the  intestinal  flora  of  each  group  is  being  tested  for 
antibiotic  resistance. 

RESULTS :  28.6  percent  of  the  prostitute  population  vs  2.2  per¬ 

cent  of  the  food  handlers  have  a  history  of  taking  antibiotics 
within  the  week  prior  to  culture.  Ten  percent  of  the  prostitute 
population  vs  <  1  percent  of  the  food  handlers  had  antibiotics 
detectable  in  their  urine.  7.4  percent  of  the  prostitutes 
admitted  to  having  had  diarrhea  in  the  preceding  week  vs  1.8 
percent  of  the  food  handlers.  The  bacteriological  results  are 
still  not  complete. 

3.  Etiology  of  Travelers*  Diarrhea  in  Peace  Corps 

Volunteers  During  Their  First  Five  Weeks  in  Thailand 

OBJECTIVE :  To  determine  the  etiology  of  diarrheal  disease  in 
Peace  Crops  volunteers  (PCVs)  within  their  first  five  week'*  in 
Thailand. 

BACKGROUND :  Previous  studies  of  travelers'  diarrhea  in  tropical 
countries  have  demonstrated  that  enterotoxigenic  (tox+)  E.  coli 
are  the  predominant  pathogens (18, 19,20) .  The  antibiotic  sensi¬ 
tivity  patterns  of  this  enteric  pathogen  has  led  some  investi¬ 
gators  to  suggest  the  use  of  doxycycline  as  a  prophylactic  agent 
(21).  One  report,  however,  suggests  that  tox+  E.  coli  in  the 
Far  East  may,  in  fact,  be  frequently  resistant  to  multiple 
antibiotics  and  that  resistance  is  R-factor  mediated  (22).  To 
further  determine  the  etiology  of  travelers'  diarrhea  in  Thailand, 
PCVs  were  studied  during  their  first  five  weeks  in  country. 
Evidence  of  infection  with  the  following  enteric  pathogens  is 
being  sought: 

1.  Salmonella,  Shigella,  Vibrio 

2.  Plesiomonas  shigelloides 

3.  Yersinia  enterocolitica 

4.  Campylobacter 

5.  Tox+  E.,  coli 

6.  Ova  and  parasites 

7.  Rotavirus 

8.  Norwalk  agent 

The  extent  of  resistance  of  the  imported  and  acquired  fecal  flora 
is  being  determined. 
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METHODS :  Thirty -five  PCVs  were  interviewed  within  four  hours  of 
arrival  in  Thailand.  Serum  and  stool  specimens  were  collected 
within  the  next  24  hours  (four  specimens  were  cultured  in  Vermont 
and  kindly  examined  by  Dr.  Samuel  Formal,  WRAIR) .  Each  PCV  was 
interviewed  daily  for  the  next  five  weeks,  while  they  remained  in 
U' thong,  and  1-3  stool  specimens  were  cultured  from  each  indivi¬ 
dual  during  his  or  her  episode (s)  of  diarrhea.  Stools  were 
streaked  immediately  on  to  selective  media,  frozen  in  dry  ice,  and 
emulsified  in  10  percent  formalin  and  PVA!  After  five  and  ten 
weeks  in  Thailand,  additional  stool  specimens  were  collected. 

RESULTS:  Eighty-three  percent  (29/35)  of  the  PCv  group  experienced 
diarrhea  during  the  study  period.  The  mean  number  of  episodes 
(an  episode  as  defined  as  diarrhea  separated  by  two  asymptomatic 
days)  was  2.4,  median  2.5,  range  0-5.  Assays  are  currently  in 
progress.  Diarrhea  lasted  for  a  mean  of  2.6,  median  2.8,  range 
1-12  days.  One  patient  required  hospitalization  while  two  others 
were  confined  to  their  rooms  for  greater  than  48  hours. 

The  general  plan  is  to  determine  the  etiology  of  diarrhea  in  this 
PCV  group  "Thai  66"  and  the  extent  of  resistance  of  their  enter o- 
pathogens.  Further  attempts  to  prevent  diarrhea  in  the  next  PCV 
group  "Thai  67"  due  to  arrive  in  March  1980  will  be  determined 
after  the  data  are  completed.  Various  modes  of  prophylaxis,  anti¬ 
biotics,  pectin,  chlapromazme,  will  be  evaluated  in  future  PCV 
groups. 

4.  Etiology  of  Diarrhea  in  a  Neonatal  Nursery:  Role  of 

Maternal  Stool  as  a  Source  of  Infection  for  Their  Infants 

OBJECTIVES : 

1.  To  correlate  maternal  with  infant  rectal  flora  within 
three  days  after  delivery. 

2.  To  determine  the  prevalence  and  etiology  of  diarrheal 
disease  in  the  Phra  Mongkutklao  Hospital  nursery. 

BACKGROUND :  Previous  studies  of  the  Phra  Mongkutklao  Hospital 
have  described  a  high  incidence  of  enteric  pathogens  in  mothers 
at  the  time  of  delivery  (23,  24).  There  has  been  a  suggestion 
that  mothers  may  be  a  source  of  enteric  pathogens  for  their 
infants.  The  majority  of  these  enteropathogens  were  entero- 
pathogenic  £.  coli.  Serotyping  of  these  E_.  coli  was  not  done 


( 

1085 


adequately  nor  were  isolates  tested  for  toxin  production. 
Therefore,  a  pilot  study  (2  months)  to  include  serotyping  and 
tests  for  toxin  production  was  undertaken. 

METHODS :  From  April  26  until  July  6,  1979,  stool  specimens  were 
collected  from  94  mothers  and  84  infants  (.75  infant  mother  pairs). 
Stool  specimens  (.1 -3/infants)  were  also  collected  from  18  infants 
with  diarrhea,  in  half  of  whom  we  were  able  to  collect  matching 
maternal  specimens.  Sixty  stools  were  collected  from  34  nursing 
personnel  (26  twice)  to  determine  if  they  were  a  source  of 
entero pathogens. 

Specimens  ve re  screened  for  Salmonella,  Shigella,  and  entero- 
pathogenic  EL  coli  (EPEC)  (by  heating  and  retesting  agglutinating 
isolates  in  the  EPEC  pools).  Ten  lac  (+)  colonies  were  picked 
from  each  culture  and  were  tested  for  heat-labile  toxin  (LT)  and 
heat-stable  toxin  (ST)  in  the  Y-l  adrenal  and  suckling  mouse 
assays  (25,  26). 

RESULTS : 


1.  The  incidence  of  diarrhea  was  4.6  percent  (18/390)  among 
the  infants  in  the  nursery  during  the  study  period. 

2.  Only  one  of  74  infant  mother  pairs  shared  the  same 
enteropathogen  (EPEC  0127a :K63). 

3.  Rotavirus  was  found  in  1/18  infants  with  diarrhea  but 
not  in  the  mothers'  stools. 

4.  Tox  E^.  coli  was  isolated  from  22  percent  (4/18)  of 
infants  with  diarrhea,  but  was  not  present  in  the  mothers'  stools. 

5.  Shigella  were  isolated  from  three  nurses  -  nine  percent 
(3/34). 

6.  Campylobacter  (1/18)  and  EPEC  (4/18)  were  isolated  from 
infants  with  diarrheal  stools.  EPEC  were  isolated  from  3/67 
infants  and  32/94  mothers  without  diarrhea.  There  was  no 
statistical  difference  between  the  isolation  rate  of  EPEC  from 
infants  with  diarrhea  and  well  controls.  Campylobacter  were  not 
found  in  asymptomatic  individuals.  Yersinia  entero colitica  were 
not  found  in  this  study  population. 
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Data  on  Enteric  Infection  in  a  Neonatal  Nursery,  Army  Hospital 


Etiology  of  Neonatal  Diarrhea 


Total  infants  studied  84  cases. 


Infants  with  diarrhea 
no  diarrhea 


18  cases  (21.5%) 
66  cases  (78.5%) 


Causes  of  Diarrhea 

Campylobacter  jejuni  1 

Enterotoxigenic  E.  coli($T+)l  (10B-D  1) 

(LT+) 3  (24B-D  2,  3,  81  B-D  1,  99  B-D  2) 


Among  18  diarrheal  infants,  nine  (50  percent)  mothers'  stools 
were  examined  while  another  nine  cases  (50  percent)  were  not 
cultured  (because  the  infants  developed  symptoms  after  mothers 
were  discharged.) 


Nine 

:  pairs  of  mothers  and  diarrheal 

infants. 

1. 

7M  EPEC  0125 :K70;  0127:K63 

V.  parahaemolyticus 

PI.  shigelloides 

7B,  7B-D1 ,  7B-D2,  7B-D3 

2. 

10M  EPEC  0127a :K63 

10B  EPEC  0128:K67 

10B-D1  Enterotoxigenic 
E.coli  (ST+) 

3. 

23M 

23B-D1 

4. 

34M  EPEC  020a  020b :K84 

A.  hydrophila 

34B-D1 ,  B-D2 ,  B-D3 

5. 

44M  EPEC  020a  020c :K61 

A.  hydrophila 

44B,  B-Dl) 

B-D2) -Campylobacter 
B-D3) 

6. 

45M 

45B,  B-Dl ,  B-D2 ,  B-D3 

7. 

60M  PI.  shigelloides 

60B-D1,  B-D2 

8. 

95M 

95B-D1,  B-D2,  B-D3 

9. 

99M 

99B-D1 

B-D2  Enterotoxigenic  E.coli 
B-D3  (LT+) 
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Nine  diarrheal  infants,  no  mothers*  specimens 


1.  24  B-Dl 

B-D2  Enterotoxigenic  E.  coli  (LT+) 

B-D3  E.  coli  (LT+) 

2.  37  B-Dl 

B-D2 

B-D3 

3.  50  B-Dl 

B-D2 

B-D3 

4.  65  B-Dl 

B-D2 

B-D3 

5.  66  B-Dl 

B-D2 

B-D3 

6.  71  B-Dl  02 0A  020c :K61 

B-D2  020a  020c :K61 
B-D3 

7.  73  B-Dl  020a  020c :K61 

B-D2  020a  020c :K61 
B-D3 

8.  77  B-Dl  020a  020c :K61 

B-D2  020a  020c :K61 
B-D3  020a  020c :K61 

9.  81  B-Dl  Enterotoxigenic  E.  coli  (LT+) 

B-D2 

B-D3 

Mothers  who  were  positive  with  enteropathogens 

1.  7M  V,  par ahaemo ly ticus  7B-D  neg.  for  V_.  parahaemolyticus 

2.  30MSh.  rlexneri  4  30B  no  diarrhea 

3.  48M  S..  biafra  (group  E2)  48B  no  diarrhea 

REMARKS  Only  1  pair  (9M-9B)  EPEC  0128 :K67  was  isolated  from  both 
mother  and  infant  (no  diarrhea) 
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5.  Resistance  to  Penicillin  and  Identification  of 

Penicillinase  Producing  Neisseria  gonorrhoeae  from 
Clinical  Isolates  in  Thailand  1  —  1  ’ 


OBJECTIVES : 

1.  To  monitor  selected  clinic  populations  reporting  symptoms 
of  gonococcal  disease  and  having  infections  confirmed  by 
laboratory  culture. 

2.  To  identify  those  isolates  with  resistance  to 
penicillin  (RSP). 

3.  To  perform  determinations  of  penicillin  minimum 
inhibitory  concentrations  (MIC)  from  RSP  isolates. 

4.  To  identify  the  penicillinase-producing  Neisseria 
gonorrhoeae  (PPNG)  and  correlate  with  MIC  findings. 

BACKGROUND :  Penicillin  has  historically  proven  an  effective  and 
low  cost  therapy  for  the  treatment  of  uncomplicated  gonococcal 
infections.  Many  new  antibiotics  are  also  active  against 
gonococcal  infections.  Beta- lactamase  positive  strains  of 
Neisserai  gonorrhoeae  have  in  general  been  shown  to  demonstrate 
in-vitro  resistance  to  penicillin  G,  ampicillin,  amoxicillin 
and  carbencillin.  Strains  of  gonococci  isolated  from  East  Asia 
have  shown  varied  susceptibility  to  methicillin,  oxacillin, 
nafcillin,  cloxacillin  and  dicloxacillin  whether  the  strain  was 
identified  as  a  penicillinase-producing  or  not.  However,  the  over¬ 
all  trend  is  towards  constant  or  increasing  antibiotic  resistance 
(27).  The  surveillance  of  penicillin  susceptibility  and  beta- 
lactamase  activity  of  isolates  does  provide  one  guide  for 
therapeutic  recommendations  and  contributes  information  to  the 
apparent  trend  of  resistance. 

From  1972,  an  increasing  resistance  to  penicillin  by  N.  gonorrhoeae 
has  been  demonstrated  in  Bangkok  (28).  Penicillinase-producing 
Neisseria  gonorrhoeae  (PPNG)  identifications  has  been  reported 
from  27  countries  in  Europe,  Asia,  Africa,  Oceania,  and  North 
America  to  the  World  Health  Organization  (29).  Epidemiological 
evidence  suggests  two  separate  focal  origins  of  PPNG  strains,  the 
Far  East  and  parts  of  West  Africa  (30) .  The  potential  of  plasmid- 
initiated  resistance  as  a  factor  with  antibiotics  other  than 

penicillin,  the  risk  of  such  plasmids  entering  organisms  other 
than  the  gonococci  and  the  spread  of  resistant  strains  to 
geographic  areas  of  low  incidence  has  made  penicillin  sensitivity 


( 


1089 


and  PPNG  identification  a  world-wide  public  health  objective 
(31,  32). 


METHODS :  A  total  of  230  male  and  175  female  cases  were  studied, 
beginning  in  April  1978.  All  patients  attended  the  Phra 
Mongkutklao  Royal  Thai  Army  Hospital  venereal  disease  clinic  or 
the  Ban  Chiwi  clinic  of  the  Bangrak  (Public  Health)  Hospital  for 
venereal  disease  examination.  Patients  were  selected  as 
demonstrating  clinical  symptoms  of  Neisseria  gonorrhoeae  infection 
or  recent  history  of  poor  response  to  therapy  (33).  Male  patient 
specimens  were  taken  as  urethral  exudate  and  female  specimens  as 
cotton  bud  s* abs  from  the  cervical  area.  Specimens  were 
immediately  prepared  for  a  microscopic  gram  stain  examination  and 
streaked  on  to  Thayer-Martin  agar  (34)  plates  which  were  incubated 
for  up  to  72  hours  at  37°C  under  10  percent  carbon  dioxide. 
Gonococci  were  identified  by  gram  stain,  colonial  morphology, 
oxidase  reaction,  and  sugar  fermentation  (35). 

Culture  confirmed  isolates  were  studied  for  the  production  of 
penicillinase  using  a  penicillin  disc  diffusion  technique, 
isolates  being  streaked  on  a  cultured  lawn  of  a  penicillin 
susceptible  Staph,  aureus  strain  (27) ,  and  by  the  chromagenic 
cephalosporin  test  (36) .  Positive  agreement  between  the  techniques 
was  required  for  PPNG  identification. 

Minimum  inhibitory  concentrations  to  penicillin  were  determined 
by  plate  dilution  (28)  using  standardized  culture  suspensions 
and  Thayer-Martin  plate  serial  dilutions  of  penicillin  G  in 
concentrations  of  0.06  through  24  micrograms  per  milliliter. 
Isolates  with  an  MIC  greater  than  24  ymg/ml  were  reported  as  such 
and  those  with  less  than  0.6  were  considered  susceptible. 

RESULTS :  The  pattern  of  penicillin  G  MIC  activity  for  the  405 
isolates  (Table  4;  Figure  2)  shows  the  trend  of  a  simple  gaussian- 
like  distribution.  Quarter  year  data  (Table  5;  Figure  3)  did  not 
show  any  notable  variation  over  the  year.  The  mean  MIC  and  one 
standard  error  (SE) ,  excluding  penicillinase-producing  isolates, 
for  males  was  0.799  +_  0.039;  females  0.812  _+  0.032  and  overall 
0.805  +.  0.022.  Seventy-five  isolates  52  from  males  and  23  from 
females,  were  identified  as  PPNG.  All  isolates  with  an  MIC  greater 
than  or  equal  to  6  vgm/ml  were  identified  as  penicillinase- 
producing  (Table  4).  The  percentage  of  PPNG  isolates  was  22.6 
percent  of  male  isolates,  13  percent  of  female  and  18.5  percent 
of  the  total  405. 

Treatment  regimens  used  in  Bangkok  on  suspected  venereal  disease 
patients  include  spectinomycin  (2-4  gm) ,  ampicillin  and 


Table  4.  Pattern  of  Penicillin  G  MIC  (ygm/ml)  Activity 


MIC 

Male 

Female 

0-lactamase 

(Pen.G  ugm/ml) 

(n  =  230) 

Cases 

(n  =  175) 

Cases 

0.06 

0 

0 

0.12 

3 

3 

0.24 

13 

7 

_ 

0.36 

18 

15 

_ 

0.48 

23 

19 

_ 

0.60 

26 

19 

0.72 

17 

17 

0.84 

17 

14 

_ 

0.96 

12 

16 

1.08 

21 

10 

1.2 

9 

15 

_ 

1.5 

9 

13 

1.8 

4 

2 

2.1 

3 

2 

2.4 

2 

0 

3.0 

1 

0 

__ 

6.0 

1 

3 

t 

12.0 

0 

0 

24.0 

1 

2 

+ 

>24.0 

50 

18 

+ 

TOTAL 

230 

175 
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Table  5:  MIC  BY  MONTHS 


MIC  Mar 

78 

Hgm/ml  M  F 

0.12 

0.24  1 

0.36 

0.48  2 

0.6  5 

0.72  4  2 

0.84  2 

0.96  1  3 

1.08  1  2 

1.2 

1.5 

1.8  2  2 

2.1  2  1 

2.4 
3.0 

6.0  1 

12.0 

24.0 

>24  2  1 


Apr-Jun  Jul-Sep 
78  78 

M  F  M  F 

1  2 

2  14  4 

2  3  3  3 

3  4  4  4 

6  3  8  9 

1119 
3  5  3  5 

13  5 

3  3  5  2 

4  9  2  4 

3  6  5  5 

3 

1  1 

1 

11  1 

2 

3  16  7 


Oct-Dec 

78 

M  F 

1  1 
3  1 

3  6 

6  4 

2  3 

3  4 

2  4 

4  7 

7  3 

1  3 

2 


1 


TOTAL  15  19  36  41  45  60  42  46 


Jan -Mar 
79 

M  F 


2 

4 

4 

5 
5 
3 
3 
3 
1 


1 

5 

2 


Apr-Jun  July- 
79  79 

M  F  M  •  F 

1 

1 

4  1 
6 

5  1 
3 

3  1 

1 
1 

1  1 


1 


1 

18  1  11 _ 1 

48  9  39  5 
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MINIMAL  INHIBITORY  CONCENTRATION  (MIC)  PATTERN  (THREE  MONTHS  PERIOD) 


v :  i 
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probenecid  (3,5  gm) ,  procaine-penicillin  G  and  probenecid  (4.8- 
6  million  U,  IM) ,  or  kanamycin  (2  gm) .  Selection  of  the  treatment 
regimen  was  based  on  clinical  judgement,  response  and  drug 
availability.  The  ampicillin  or  the  procaine  penicillin  G  and 
probenecid  regimens  were  the  most  commonly  prescribed.  Studies 
in  the  United  States  have  shown  that  PPNG  strains  have  higher  MICs 
for  penicillin,  ampicillin,  erythromycin,  tetracycline,  and 
spectinomycin  (37).  The  mean  penicillin  MIC  in  pcg/ml,  reported 
in  Thailand  during  1972,  1973,  and  1974  (28)  was  0.348,  0.432 
and  0.63  respectively.  Our  two  previous  studies  of  selected 
clinical  populations,  excluding  PPNG  isolates  (23,  39)  exhibited 
a  mean  MIC  and  SE  of  0.688  +_  0.044  and  0.883  +_  0.037.  In  our 
present  study,  the  mean  penicillin  MIC  and  SE  was  0.805  +_  0.022. 
During  1972-74,  data  were  calculated  deleting  all  MIC  values  above 
1.2  pgm/ml.  If  this  exclusion  were  applied  to  our  1979  data,  it 
would  represent  over  25  percent  of  the  values  used  for  calculation 
purposes.  We  reported  during  1977  that  8  percent  of  our  105  study 
isolates  were  beta-lactamase  positive  and  during  1978  that  nine 
percent  of  182  isolates  were  betw- lactamase  positive.  Of  the 
present  405  cases,  75  (18.5  percent)  were  PPNG  positive  and  had  a 
MIC  indicating  penicillin  resistance. 

6.  Epidemiological  and  Ecological  Studies  of  Scrub  Typhus 
in  Royal  Thai  Army  Field  Training  Facilities 

OBJECTIVES: 

1.  To  prospectively  determine  the  susceptibility  and  the 
exposure  risk  of  Royal  Thai  Army  personnel  to  Rickettsia 
tsutsugamushi  during  field  training  exercises. 

2.  To  determine  the  prevalence  of  Rickettsia  tsutsugamushi 
in  selected  species  of  small  mammals  and  chiggers  from  areas  and 
habitats  utilized  oy  troops  during  training. 

3.  To  determine  if  there  is  a  seasonal  effect  influencing 
the  susceptibility  risk  of  Royal  Thai  Army  personnel. 

4.  To  evaluate  the  use  of  regional,  habitat  and  seasonal 
data  for  predicting  human  exposure  and  risk  potential  to  scrub 
typhus  in  Thailand. 

BACKGROUND :  In  a  previous  report  (23) ,  the  rationale  for  the 
establishment  of  a  pilot  project  at  Pak  Chong,  Nakhon  Ratchasima 
Province,  was  presented.  Preliminary  results  were  presented  in 
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the  report  cited;  the  present  report  involves  data  accrued  during 
this  reporting  period. 


METHODS :  Sixty-five  soldiers  undergoing  Special  Forces  training 
at  Pak  Chong,  Nakhon  Ratchasima  Province,  contributed  blood  samples 
before  and  after  their  training.  Training  consisted  of  four  weeks 
of  classroom  and  field  problems  and  four  days  of  jungle  bivouac 
approximately  15-20  km.  from  the  base  camp.  The  troop  training 
includes  daily  contact  with  forested  or  grassy  areas  and  a 
bivouac  in  similar  areas.  Total  field  exposure  was  calculated 
for  each  individual  and  background  information  on  age,  rank, 
occupation  (both  in  and  outside  of  the  military),  home,  travel  and 
previous  medical  history  was  taken.  Hie  latter  of  the  two  blood 
samples  was  collected  two  weeks  after  the  end  of  training.  The 
blood  samples  were  tested  by  the  Weil-Felix  (40)  and  by  the 
indirect  immunofluorescence  tests  (41).  Sulfonamide  level 
determination  was  performed  on  15  samples  to  determine  the  level 
of  Fansidar  usage  as  a  possible  confounding  variable. 

Rodents  and  other  small  mammals  were  live-trapped  in  each  habitat 
associated  with  troop  training,  and  often  in  the  actual  training 
areas.  Traps  were  baited  with  bananas  and  normally  placed  in  2-3 
habitats  each  night.  All  small  mammals  collected  were  identified 
to  species,  sexed,  aged,  bled  via  cardiac  or  retro-orbital 
puncture  and  examined  for  ectoparasites.  Rodent  rickettsial 
serology  will  be  done  at  AFRIMS  by  the  IFA  technique  (41) . 

Attached  chiggers  were  gently  scraped  off  and  placed  in  vials 
containing  70  percent  ETOH.  Chiggers  were  counted  and  collated 
according  to  host  species  and  habitat.  Unengorgeu  chiggers  were 
collected  in  the  troop  training  areas  by  black  plates.  Chiggers 
collected  from  black  plates  were  kept  alive  in  vials  of  water 
and  sent  to  USAMRU-Kuala  Lumpur,  for  rickettsia  isolation  by  the 
micro  direct  fluorescent  antibody  (MDFA)  technique  (42) . 

RESULTS:  All  work  this  period  was  conducted  in  the  base  camp 
area  at  Ban  Nong  Tha  Ku.  This  area  is  government  owned,  hilly  and 
primarily  covered  with  secondary  evergreen  forests,  although  more 
ecologically  transient  vegetation  such  as  grass  and  early 
regenerating  evergreen  is  also  common.  The  basic  soil  type  in  the 
area  is  red-orange  clay  and  the  forest  floors  are  fairly  well 
preserved  with  considerable  humus  and  leaf  litter,  indicating  that 
fires  are  uncommon.  Three  basic  habitats  were  identified  in  the 
area,  i.e.,  tall  grass,  early  regenerating  evergreen  and  secondary 
evergreen.  Because  of  troop  field  training  exercises,  trails 
were  common  in  many  areas  of  all  3  basic  habitats,  facilitating 
small  mammal  trapping. 
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Considerable  precipitation  fell  in  the  study  area  during  the 
period  24  Oct-17  Dec  1978,  as  compared  to  the  previous  report 
period  (23) ,  particularly  the  first  trapping  period  in  June  1978. 

During  the  last  period  of  work  in  camp  (Dec  1978)  temperatures 
dropped  considerably,  with  early  morning  lows  on  several  days  in 
the  range  of  8-12°C,  and  daytime  temperatures  in  the  range  of  18- 
23°C.  Warmer  temperatures  also  occurred  during  that  period. 

Entomological-rodent  trapping  studies  occurred  during  the  period 
24  Oct-17  Dec  1978,  and  were  conducted  during  2  separate  10  day 
periods.  The  first  period,  24  Oct -2  Nov,  corresponded  with  the 
first  portion  of  training  for  the  test  soldiers,  while  the  second 
period,  8-17  Dec,  corresponded  with  the  latter  part  of  training 
for  the  test  soldiers.  The  test  soldiers  were  in  frequent 
contact  with  the  3  basic  habitats  during  both  periods  of  this 
study.  Although  it  was  not  possible  to  calculate  the  ratio  of 
their  exposure  to  each  basic  habitat,  more  training  occurred  in 
the  grass  and  secondary  evergreen  habitats  than  in  the  early 
regenerating  evergreen. 

A  total  of  486  small  mammals  of  15  species  were  collected  from 
2,364  trap-days  (traps  x  24  hr  periods)  during  this  study  period 
(Table  6).  The  3  basic  habitats  were  not  trapped  equally  (index 
trap-days):  53  percent  in  secondary  evergreen,  37  percent  in  tall 
grass  and  10  percent  in  early  regenerating  evergreen.  Accordingly, 
more  animals  were  caught  in  secondary  evergreen  than  in  the  tall 
grass  and  early  regenerating  evergreen  respectively.  Furthermore, 
trapping  efficiency  was  higher  in  the  secondary  evergreen  (one 
animal  per  4.3  trap-days)  than  in  the  tall  grass  (one  animal  per 

5.5  trap-days)  and  the  early  regenerating  evergreen  (one  animal  per 

6.5  trap-days). 

Seven  of  the  15  species  accounted  for  96  percent  (465/486)  of  the 
total  number  of  small  mammals  captured:  Rattus  surifer,  FL  rattus, 
Tupaia  glis,  II.  sabanus,  R.  bukit  bukit,  Menetes  berdmorei  and 
R.  doratensia,  in  descending  order  of  abundance,  respectively. 

Most  of  these  7  species  are  commonly  associated  with  a  large 
number  of  chigger  species  in  Thailand  (43) ,  including  the  most 
common  vector  of  FL  tsutsugamushi,  L..  (Lept.)  deliense.  Very 
obvious  differences  were  detected  in  the  numbers  of  species  and 
individuals  of  given  mammal  species  captured  in  the  three 
habitats.  While  only  32.5  percent  (158/486)  of  the  total  animals 
were  captured  in  the  tall  grass,  93  percent  (14/15)  of  the  total 
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24  hr  period  from  1200  hrs  to  1200  hrs. 


species  captured  came  from  this  habitat.  Nearly  60  percent 
(290/486)  of  the  total  animals  were  captured  in  the  secondary 
evergreen,  but  only  67  percent  (10/15)  of  the  species  were 
captured  there,  while  nearly  47  percent  (7/15)  of  the  species 
were  included  in  the  7.8  percent  (38/486)  of  the  total  animals 
captured  in  the  early  regenerating  evergreen. 

Rattus  rattus,  the  species  usually  considered  most  closely 
associated  with  L.  (Lept.)  deliense,  was  most  common  (85  percent 
74/87)  in  the  tall  grass  habitat.  An  additional  five  species, 
Bandicota  savilei,  Herpestes  j  avanicus ,  Mus  cervicolor,  Mus  sp. 
and  Rattus  losea,  were  captured  only  in  the  grass.  On  the  other 
hand,  95  percent  (21/22)  of  Rattus  koratensis,  76  percent  (124/ 

164)  of  R..  surifer ,  72  percent  (56/78)  of  Tupaia  glis ,  72  percent 
(21/29)  of  Menetes  berdmorei  and  65  percent  (31/48)  of  R.  sabanus 
were  collected  in  the  secondary  evergreen  habitat.  Only  the 
insectivore-predator,  Hylomys  suillus,  seemed  to  be  fairly  equally 
distributed  in  the  three  different  habitats,  although  more 
specimens  were  collected  in  the  early  regenerating  evergreen 
than  would  be  expected. 

A  total  of  148  unengorged  chiggers  were  collected  from  19  black 
plate  (BP)  collections  during  this  period,  of  which  109  were 
screened  and  8.3  percent  (9)  were  found  positive  for  Rickettsia 
tsutsugamushi  (Table  7)  by  the  M)FA  technique  (42).  The  infected 
specimens  included  14.3  percent  (6/42)  of  the  JL.  (Lept. )  deliense 
screened  and  5.8  percent  (3/52)  of  the  Odontacarus  sp.  screened. 

The  last  species  is  apparently  new  to  science.  Actually,  six  of 
the  19  BP  collections  were  made  during  the  period  24  Oct-2  Nov, 
and  the  remaining  13  BP  collections  were  made  during  the  period, 

8-17  December.  Chigger  collection,  habitat  and  rickettsial 
siolation  data  for  these  two  periods  are  summarized  in  Tables  8  and  9. 
These  data  show  that  chiggers  infected  with  R.  tsutsugamushi  were 
collected  during  both  periods  and  in  two  habitats,  i.e.,  early 
regenerating  evergreen  (last  period)  and  secondary  evergreen 
(both  periods).  Furthermore,  the  chigger  species  composition 
(based  only  on  BP  collections)  was  completely  different  for  the 
two  periods.  Only  L.  (Lept .)  miculum  arvinum  and  deliense  were 
collected  in  the  first  period,  while  only  Helenicula  sp. ,  L. 

( Lept . )  Sp.D,  jL.  (Trom.)  paniculatum  and  Odontacarus  sp.  were 
collected  during  the  last  period. 

Collections  of  engorged  chiggers  were  made  from  all  parasitized 
animals.  These  specimens  have  been  slide  mounted  and  are 
currently  being  identified.  The  rodent  sera  collected  during 


1099 


Table  7.  Chiggers  collected  and  Rickettsia  tsutsuaamushi  isolations 
from  the  Pak  Chong  Special  Forces  Training  Camp, 

24  Oct.  -  17  Dec.  78. 


No.  of  Chiggers 

Chigger  Species 

Chigger  Infected 

Coll. 

Screened 

No. 

Percent 

Helenicula  sp. 

6 

6 

0 

0 

L.  (L.)  deliense 

52 

42 

6 

14.3 

L.  (L.)  miculum 
arvinum 

3 

3 

0 

0 

L*  )  sp«D« 

1 

1 

0 

0 

L.  (T.)  paniculatum 

5 

5 

0 

0 

Odontacarus  sp. 

81 

52 

3 

5.8 

148 

109 

9 

_ 

8.3 

m 


Table  8  Black  plate  chigger  collections,  habitat  and  rickettsial 
isolation  data  from  the  Pak  Chong  Special  Forces 
Training  Camp,  24  Oct.  -  2  Nov.  1978. 


Species 

Secondary  Evergreen 
(5"  coll.) 

Early  Regenerating 
Evergreen  (1  coll.) 

Chiggers 

Chiggers 

No. 

Screened 

Infected 
%  (No.) 

No. 

Screened 

Infected 
%  (No.) 

L. (L.)deliense 

51 

41 

^9 

Mj 

HI 

0 

L. (L.)miculum 
arvinum 

3 

3 

HI 

Wm 

- 

TOTAL 

54 

44 

13.6(6) 

n 

0 

Table  9  Black  plate  chigger  collections,  habitat  and  rickettsial 
isolation  data  from  the  Pak  Chong  Special  Forces 
Training  Camp,  8-17  Dec.  1978. 


Secondary  Evergreen 
(9  coll.) 

Early  Regenerating 
Evergreen  (4  coll.) 

Species 

Chiggers 

Chiggers 

No. 

Screened 

Infected 
%  (No.) 

No. 

Screened 

mmm 

B 

Helenicula  sp. 

5 

5 

0 

1 

1 

0 

L. (L.)  sp . D. 

- 

- 

~ 

1 

1 

0 

L. (Trom.) 

paniculatum 

5 

5 

0 

- 

- 

- 

Odontacarus  sp. 

54 

37 

5.4(2) 

27 

15 

6.7(1) 

TOTAL 

64 

47 

4.3(2) 

29 

17 

5.9(1) 
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this  period  and  the  previous  annual  progress  report  period  are 
currently  being  examined  for  R_.  tsutsugamushi  antibody  levels. 

Blood  specimens  on  65  soldiers  were  tested  prior  to  the 
initiation  of  training  and  three  (4.6  percent)  were  seropositive 
by  the  IFA  technique.  Fifty -nine  of  these  soldiers  (including 
the  three  with  pre-existing  antibody)  were  subsequently  re-examined 
after  training  and  none  were  positive  at  that  time. 

It  is  apparent  from  the  lack  of  antibody  against  R.  tsutsugamushi 
in  this  population  (less  than  5  percent)  that  the  soldiers  tested 
have  not  been  exposed  to  scrub  typhus  in  the  recent  past.  The 
full  duration  of  antibody  retention  is  not  known,  but  experimental 
infections  in  the  silver-leaf  monkey  model  have  shown  evidence  of 
a  low  level  of  antibody  up  to  two  years  following  an  infection 
(44).  The  loss  of  antibody  in  the  three  soldiers  who  had 
evidence  of  antibody  prior  to  the  initiation  of  training  in  a 
blood  sample  taken  six  weeks  later  attests  to  the  transient 
nature  of  this  antibody.  The  absence  of  infections  in  this  human 
population,  in  spite  of  the  close  proximity  to  infected  chiggers, 
indicates  insufficient  contact  between  the  humans  and  the  chiggers 
for  infections  to  occur.  Consequently,  this  area  provides  a 
poor  site  for  the  continuation  of  this  project  beyond  the  pilot 
stage. 

Unfinished  aspects  of  this  project  will  be  completed  in  the  near 
future,  at  which  time  the  studies  in  Pak  Chong  will  be  terminated. 

7.  Seroepidemio logic  Survey  of  R.  tsutsugamushi 
Infection  in  a  Rural  Thai  Village' ' ' 

OBJECTIVES: 

1.  To  determine  the  prevalence  of  antibody  to  R_.  tsutsugamushi 
in  a  well-defined  rural  Thai  population. 

2.  To  determine  strain  types  of  R.  tsutsugamushi  present 
and  infective  in  Thailand. 

BACKGROUND:  Ban  Tablan,  Prachinburi  Province,  Thailand,  is  a 
relatively  isolated  rural  village  approximately  250  km.  northeast 
of  Bangkok.  The  population  is  primarily  engaged  in  subsistance 
agriculture,  hunting  and  logging  activities.  The  living  quarters 
are  elevated  wood  and  thatch  buildings  with  partially  closed  in 
sleeping  areas.  Deep  evergreen  forest  penetration  is  confined  to 
the  adolescent  and  adult  males  during  logging  activities,  but 
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fruit -gathering  by  the  women  and  play  activities  by  the  children 
allow  some  thin  forest  penetration  by  all  members  of  society. 

Open  sandals  and  clothing  allowing  bare  arms  and  legs  are  common 
among  all  villagers. 

METHODS :  Sera  were  collected  in  October-December  1976  in  conjunc¬ 
tion  with  a  seroepiidemiologic  survey  of  the  entire  village.  A 
20  percent  random  sample,  stratified  by  age,  was  selected. 

An  indirect  immunofluorescence  technique  was  used  to  assess  all 
serum  for  antibody  (.45).  Antigen,  Karp,  Kato  and  Gilliam 
strains,  was  obtained  from  the  Department  of  Rickettsiology, 

USAMRU,  Institute  for  Medical  Research,  Kuala  Lumpur,  Malaysia, 
as  a  20  percent  yolk  sack  membrane  suspension  prepared  from 
specific  pathogen-free  hen's  eggs.  Serum  was  first  screened  at  an 
initial  1:50  dilution  against  an  antigen  pool  of  the  three  strains. 
Positive  screen  specimens  were  subsequently  titered  from  1:50 
against  the  antigen  pool  and  the  individual  antigens.  The 
fluorescent  conjugate  used  was  a  horse  immunoglobulin  anti-human 
immunoglobulin.  Readings  of  the  fluorescence  were  performed 
with  a  Leitz  Orthoplan  research  microscope  equipped  with 
fluorescence  technique  objectives,  either  vertical  or  transmitted 
light,  and  at  40X  dry  power.  Filters  and  light  sources  were 
combined  to  produce  an  ocular  maximum  fluorescence  intensity 
close  to  510  millimicrons. 

RESULTS:  The  prevalence  of  antibody  to  R.  tsutsugamushi  in  this 
Thai  village  is  shown  in  Table  10.  Overall,  nearly  two-thirds  of 
villagers  had  evidence  of  antibody.  For  females,  the  prevalence 
of  antibody  did  not  change  significantly  between  age  groups. 
However,  the  prevalence  of  antibody  in  males  15  years  of  age  and 
older  was  significantly  different  from  the  younger  males  (0.873  vs 
0.371;  p<0.001).  The  prevalence  of  antibody  in  these  younger 
males  was  also  considerably  less  than  that  of  their  female  con¬ 
temporaries  (0.690,  p<0.02). 

Of  the  147  positive  specimens,  122  had  two  or  more  strain  titers 
that  were  indistinguishable.  Only  25  had  either  a  monospecific 
positive  titer  (4)  or  a  single  titer  level  four  or  more  times 
greater  than  any  other  positive  titer  (46)  (21).  Table  llpresents 
the  distribution  of  serologic  results  over  the  three  prototype 
strains  of  R.  tsutsugamushi.  Twelve  of  the  type  specific  titers 
were  in  females,  ages  1  to  53  years.  The  age  range  of  the  13 
males  was  exactly  the  same.  The  geometric  mean  titer  (GMT)  of 
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TABLE  11 


Results  of  Indirect  Immunofluorescence 
Serology  Ban  Tablan,  Thailand  1976 


Karp 

Kato 

Gilliam 

Total  positive 
titer 

147 

141 

141 

Total  type 

specific 

titers 

13 

2 

10 

GMT  of  positive 
titers 

1:263 

1:189 

1:188 
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the  various  age  groups  showed  only  negligible  difference  and 
demonstrated  no  consistant  pattern  or  progression  by  age.  There 
was  no  difference  between  the  overall  level  of  antibody  titers  in 
males  and  females ,  but  females  tended  to  have  a  slightly  lower 
GMT  than  their  male  contemporaries. 

A  manuscript  of  this  (completed)  project  has  been  submitted  for 
clearance. 

8.  Ectoparasite  and  Rickettsia  tsutsugamushi  Studies 
in  Thailand 


OBJECTIVE :  To  establish  and  describe  the  chiggers  and  ticks  that 
are  vectors  or  potential  vectors  of  human  pathogens  in  Thailand, 
and  determine  the  geographical  distribution  of  Rickettsia 
tsutsugamushi  in  natural  populations  of  chiggers  in  Thailand. 

BACKGROUND:  This  is  a  continuation  of  previously  reported 
studies  (23).  Earlier  work  during  the  period  1961-1972  served 
as  the  basis  for  a  number  of  publications,  in  which  Lakshana 
(47)  and  Lekagul  and  McNeely  (48)  have  established  a  firm 
taxonomic  base  on  which  epidemiological-ecological  studies  on 
Rickettsia  tsutsugamushi  in  Thailand  can  proceed.  Recent  emphasis 
has  shifted  to  the  distribution  of  strains  of  II.  tsutsugamushi 
that  occur  in  vector  chiggers  in  Thailand.  However,  problems 
still  exist  in  identifying  chigger  specimens  collected  in  Thailand, 
hence  taxonomic  studies  on  chiggers  are  continuing. 

METHODS :  Ectoparasites  are  collected  from  live  trapped  rodents 
and  other  small  mammals  by  removal  with  forceps,  by  scraping  or 
by  holding  the  animals  alive  over  a  pan  of  water  and  allowing 
engorged  ectoparasites  to  drop  into  the  water.  Engorged  chiggers 
are  normally  preserved  in  alcohol  and  mounted  on  slides  for  study. 
Chiggers  used  for  R.  tsutsugamushi  isolation  attempts  are 
preferably  unengorged.  Unengorged  chiggers  are  usually  found  in 
leaf  litter,  on  rotten  logs  and  other  favorable  habitats  frequented 
by  rodents  and  other  small  mammals,  and  are  easily  collected  by 
using  5"  x  5"  formica  black  plates.  Collected  enengorged  chiggers 
are  placed  and  kept  alive  in  vials  of  water,  which  are  then  shipped 
to  USAMRU-Kuala  Lumpur  for  rickettsia  studies.  A  technique  using 
direct  immunofluorescence  has  recently  been  developed  to  detect 
rickettsia  in  naturally  infected  mites  (49).  Using  this  technique, 
the  internal  contents  of  each  unengorged  chigger  can  be  screened 
for  nine  different  strains  of  R.  tsutsugamushi  ,  i.e.  Karp, 

Gilliam,  Kato  TC  586,  TA  678,  TA  686,  TA  716,  TA  763  and  TH  1817. 
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After  the  internal  contents  of  the  chigger  has  been  tested  for 
rickettsia,  its  exoskeleton  is  mounted  in  Hoyer's  mounting 
media  on  a  slide  for  identification. 

RESULTS:  Between  25  Oct  and  21  Dec  1978,  1,379  unengorged 
chiggers  of  12  species  were  collected  in  Thailand  by  the  black 
plate  method  and  sent  to  USAMRU-Kuala  Lumpur  for  rickettsia 
detection  and  subsequent  identification  (Table  12).  These  specimens 
were  collected  in  two  provinces,  Chiangmai  and  Nakhon  Ratchasima 
(two  areas-Pak  Chong  and  Sakaerat).  The  five  most  commonly 
collected  species  were  L_.  (L. )  scutellare,  _L.  (L. )  deliense, 

L.  (L. )  miculum  arvinum,  Odontacarus  sp.  and  L.  (T. )  paniculatum, 
in  descending  order  of  abundance.  Four  new  species,  Helenicula 
sp. ,  JL.  (L.)  sp.  D,  _L.  (JL.)  sp.  G  and  Odontacarus  were  also 
identified  during  this  period,  and  represented  7.6  percent  of 
the  total  specimens  collected.  Of  the  12  species  collected, 

828  specimens  of  10  species  were  screened  in  Kuala  Lumpur  for 
Rickettsia  tsutsugamushi ,  and  six  percent  (50/828)  were  positive 
(Table  i3)  A  total  of  six  species  were  positive  for  R. 
tsutsugamushi  from  the  two  provinces ,  with  IL.  (L^. )  deliense  and 
scutellare  positive  in  both  provinces,  while  J..  (L.)  miculum 
arvinum  was  positive  only  in  Chiangmai  and  E.  wichnanni ,  L_.  (T. ) 
paniculatum  and  Odontacarus  sp.  positive  only  in  Nakhon 
Ratchasima  Province.  A  total  of  5.1  percent  (20)  of  chiggers 
screened  from  Chiangmai  were  positive  while  6.8  percent  (30)  of 
chiggers  screened  from  Nakhon  Ratchasima  were  positive. 

The  sources  and  habitats  for  the  chiggers  screened  for  R. 
tsutsugamushi  from  Thailand  during  this  period  are  shown  in 
Table  14.  Initially  it  would  appear  that  the  primary  foci  for 
infected  chiggers  are  primary  and  secondary  evergreen  forests. 
However,  only  a  few  black  plate  collections  were  made  from  the 
other  three  basic  habitats  (early  regenerating  evergreen.  Pa  Daeng 
(dry  dipterocarp)  forest  and  grass) .  Additional  collections  from 
all  the  habitats  are  needed  before  infection  rates  per  habitat  can 
be  properly  interpreted;  however,  four  of  the  five  habitats 
analyzed  here  contained  infected  chiggers.  Probably  most,  if  not 
all,  of  the  basic  habitats  in  Thailand  contain  chigger  species 
haboring  R_.  tsutsugamushi. 

Several  chigger  species  appear  to  be  highly  seasonal  and  found 
only  during  the  cool  season  in  Thailand.  These  species, 

Helenicula  sp. ,  L.  (L.)  scutellare,  and  Odontacarus  sp.,  have  been 
collected  in  Thailand  only  between  the  months  of  November  to 
February.  Of  these,  only  Helenicula  sp.  was  not  found  infected 
with  R.  tsutsugamushi .  Leptotrombidium  (L. )  scutellare  is  a  known 
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Table  12  Unengorged  chiggers  captured  by  black  plate  collections 
in  Thailand  between  25  Oct. -21  Dec.  1978  and  sent  to 
USAMRU-  Kuala  Lumpur  for  rickettsia  isolation. 


^sWack 

Chigger 

Species 

Plate  Collect¬ 
ions  Per 
's^^ocation 

Chiang  Mai 

(19) 

Nakhon  Ratchasima 

1 

1 

Pak  Chong 
(19) 

Sakaerat 

(25) 

Eutrombicula  wichmanni 

- 

- 

23 

23 

Helenicula 

sp. 

- 

6 

12 

18 

Lept. 

(L.) 

deliense 

28 

52 

35 

115 

It 

fl 

fuller! 

1 

- 

- 

1 

It 

ft 

raiculum 

arvinum 

77 

3 

2 

82 

II 

II 

scanloni 

1 

- 

- 

1 

It 

It 

scutellare 

394 

- 

591 

985 

II 

II 

striatum 

*" 

- 

1 

1 

II 

II 

sp. 

- 

1 

1 

2 

II 

II 

sp  G1 

3 

_ 

- 

3 

L. (Trom.)  paniculatum 

- 

5 

61 

66 

Odontacarus  sp. 

- 

81 

1 

82 

TOTALS 

504 

148 

727 

1,379 

1 

New  undescribed  species 
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Table  13  Source  and  species  of  Thai  chiggers  that  were  screened 
for  Rickettsia  tsutsugamushi  from  collections  during 
the  period  25  Oct.  -  21  Dec.  1978. 


Location  (Collection  Dates) 

Specimens 

-  Chigger  Species 

Collected 

Screened 

Infected 

%(No.) 

Chiang  Mai  (22  Nov. -4  Dec. 

1978) 

— 

— 

-  Lept.  (L.)  deliense 

28 

24 

8.3(2) 

-  "  "  fuller! 

1 

1 

0 

-  "  "  miculum 

arvinum 

77 

56 

1.8(1) 

-  "  "  scanloni 

1 

1 

0 

-  "  "  scutellare 

394 

308 

- 

5.5(17) 

SUBTOTALS 

501 

390 

5.1(20) 

Nakhon  Ratchasima  (25  Oct.- 
21  Dec.  1978] 

— 

— 

— 

-  Eutrombicula  wichmanni 

23 

15 

13.3(2) 

-  Helenicula  sp. 

18 

9 

0 

-  Lept.(L.)  deliense 

87 

64 

10.9(7) 

-  "  "  miculum 

arvinum 

5 

5 

0 

-  "  "  scutellare 

591 

234 

7.3(17) 

-  "  "  sp.  D 

2 

1 

0 

-  "  (Trom.)paniculatum 

66 

58 

1.7(1) 

-  Odontacarus  sp. 

82 

52 

5.8(3) 

SUBTOTALS 

874 

438 

6.8(30) 

TOTALS 

1,375 

828 

6.0(50) 

Table  j_5  Summary  of  chigger  species  captured  in  black  plate 
collections  in  Thailand  and  screened  for  Rickettsia 
tsutsueamushi  during  the  period,  June  1977  to  December  1978 


Species 


1  Asch.  (L. )  indlca 

Eutrombicula  vichmanni^ 


Cahrliepia  (G.)  mirabilis 
2 

Helen icula  sp. 

5  Lept.  (L.)  deliense 

6  "  "  fuller! 

"  "  miculim  arvinum1 

"  "  scanloni 

"  "  scutellare1 

"  "  striatum 

"  "  sp.  A1*  2 

"  H  ...  2 


15  "  "  sp.  C2 

16  l.c*£t.  (T.)  paniculat  ura* 

17  'iicrotjombicula  cLamlonei^ 

1  ? 

18  Odontacarus  sp.  ’ 

1 9  Siseca  rara 

20  k*al  chi  el  la  oudemansi 

21  "  t  raubi 


TOTALS 


Specimens 

Collected 

Screened 

Infected 

X(No.) 

1 

1 

- 

23 

15 

13.3(2) 

2 

- 

- 

18 

9 

- 

2,018 

929 

9.4(87) 

22 

1 

- 

163 

121 

7.4(9) 

1 

1 

- 

985 

542 

6.3(34) 

1 

- 

- 

119 

39 

17.9(7) 

4 

4 

50.0(2) 

16 

1 

- 

4 

2 

- 

3 

- 

- 

77 

59 

1.7(1) 

6 

2 

50.0(1) 

82 

52 

5.8(3) 

16 

- 

68 

- 

- 

1 

- 

3,630 

1,778 

8.2(146) 

species  not  previously  recorded  as  infected  with  R 
in  Thailand 


new  uudescribed  species 


vector  of  R.  tsutsugamushi  in  other  areas  of  Southeast  Asia,  but 
previous  to  this  study,  has  not  been  found  infected  in  Thailand. 

Table  ISsummarizes  the  chigger  species  captured  in  black  plate 
collections  in  Thailand  and  screened  for  R.  tsutsugamushi  since 
this  project  was  initiated  in  June  1977.  Included  are  chigger- 
rickettsial  data  from  the  Pak  Chong  study  described  elsewhere  in 
this  Annual  Report.  At  that  time  only  L.  (L. )  deliense  had  been 
incriminated  as  a  vector  of  R.  tsutsugamushi  in  Thailand.  One  and 
one  half  years  later  8.2  percent  (146)  of  1,778  chiggers  screened 
for  R.  tsutsugamushi  infections  have  been  found  positive.  Further¬ 
more,  nine  of  15  species  screened  contained  rickettsial  infections, 
indicating  a  much  larger  number  of  potential  vectors  of  this  human 
pathogen  in  Thailand  than  previously  suspected.  The  role  of  at 
least  7  of  the  nine  infected  species  found  here  in  the  zoonotic 
maintenance  of  this  pathogen  is  currently  unknown.  Species  of  the 
subgenus  Leptrombidium  are  usually  considered  of  primary  impor¬ 
tance  in  the  transmission  of  this  pathogen  to  man  (50)  and  five 
of  the  infected  species  found  in  this  study  belong  in  this 
subgenus.  However,  infected  species  of  three  other  genera, 
Eutrombicula ,  Microtrombicula  and  Odontacarus ,  and  one  species  in 
the  subgenus,  Leptotrombidium  (Trorobiculindus) ,  were  also  found. 
Generally,  the  species  found  infected  with  R.  tsutsugamushi  during 
this  study  fall  into  Nadchatram's  (51)  ecological  group  I,  i.e., 
those  species  which  affected  man  or  have  a  better  opportunity  of 
coming  in  contact  with  him.  According  to  the  current  interpreta¬ 
tion  of  Nadchatram's  groupings,  only  Lept.  (T.)  paniculatum  and 
Microtrombicula  chamlongi  possibly  would  not  fall  into  group  I. 
However,  these  two  species  were  not  included  in  Nadchatram's 
study. 

The  large  number  of  R.  tsutsugamushi  isolations  made  during  this 
study  were  only  possible  because  of  the  development  of  new 
techniques  (49).  Based  on  the  attached  data,  the  advantages  of 
the  MDFA  technique  in  conjunction  with  the  collection  of 
unengorged  chiggers  on  black  plates  are  very  obvious.  Although 
the  current  project  is  scheduled  for  termination,  these  data 
suggest  an  obvious  need  for  the  continuation  of  similar  studies. 

A  total  of  seven  new  species  of  chiggers  were  identified  during 
this  study,  of  which  three  were  found  infected  with  FI.  tsutsugamushi. 
Currently,  the  descriptions  and  illustrations  for  12  new  species 
of  the  genus  Lepto trombidium  (Lept . )  have  been  completed 
(including  one  new  species  found  in  this  study)  and  those  for  two 
additional  species  are  being  completed  in  preparation  for 
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publication.  The  other  six  new  species  found  in  this  study  will 
be  described  and  prepared  for  publication  in  the  near  future. 

A  checklist  of  the  Ticks  of  Thailand,  containing  54  species  in 
10  genera  is  nearing  completion.  Of  those,  23  have  not  been 
reported  previously  from  Thailand.  A  host  list  is  also  included. 

The  biological  and  taxonomic  efforts  of  this  study  are  continuing 
and  additional  rickettsial  isolation  studies  are  anticipated. 

9.  A  Peroxidase  Enzyme-Linked  Paper  Immunosorbent  Technique 
(PELISA)  Compared  to  Microimmunofluorescence  (MIFA)  for 
the  Detection  of  Human  Serum  Antibodies  to  the  Rickettsia, 
Rickettsia  tsutsugamushi. 

OBJECTIVES ; 

1.  To  design  a  technique  which  is  technologically  simple, 
inexpensive,  demands  little  skill  and  presents  potential  for 
use  in  a  relatively  unsophisticated  clinical  setting. 

2.  To  use  the  same  antigens  for  the  PELISA  technique  as 
for  the  MIFA  procedure  and  compare  the  two. 

BACKGROUND:  Serodiagnosis  of  Rickettsia  tsutsugamushi  infection 
in  clinical  situations  is  usually  accomplished  by  the  Weil-Felix 
reaction  detecting  agglutinins  to  the  OXK  strain  of  Proteus 
mirabilis.  The  technique  lacks  specificity  and  sensitivity  (52) 
and  subsequent  infections  do  not  appear  to  demonstrate  increased 
Weil-Felix  titers  (53).  The  complement  fixation  (CF)  test 
does  not  give  significant  titers  with  acute-phase  sera  without 
endemic  regional  homologous  strains  of  the  rickettsia  included 
as  a  part  of  the  antigen  (54,55). 

Indirect  immunofluorescence  (I FA)  procedures  have  become  the 
accepted  serodiagnostic  technique  because  of  their  sensitivity 
in  detecting  group  antigens  as  well  as  homologous  strains  of  the 
scrub  typhus  rickettsia  (56,  57).  Adaptation  of  the  IFA  test  to 
the  microimmunof luorescent  (MIFA)  technique  placed  the  fluorescent 
microscope  technique  in  the  position  of  being  an  acceptable  tool 
for  routine  serodiagnosis  and  studies  of  the  disease  epidemiology 
(58,  59,  60).  The  Weil-Felix  reaction,  complement  fixation  test 
and  mi croimmuno fluorescent  procedures  are  all  complicated  by  the 
difficulty  in  preparing  specific  antigens  (61,  62,  55).  A 
microplate  enzyme-linked  immunosorbent  technique  has  been  used 
and  is  reported  to  offer  an  acceptable  alternative  to  using  the 
MIFA  procedure  (56). 
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In  most  clinical  situations,  the  only  technique  available  for 
laboratory  diagnosis  remains  the  Weil-Felix  reaction,  this  is 
due  to  the  expense  of  equipment  and  lack  of  skilled  personnel 
to  perform  the  other  laboratory  tests.  During  our  studies  of 
human  serum  antibody  to  the  scrub  typhus  rickettsia,  we  decided 
to  develop  an  enzyme-linked  immunosorbent  assay  (ELISA) 
concurrent  with  our  MIFA  studies  as  an  laternative  immuno¬ 
chemical  laboratory  procedure. 

METHODS :  Antigen:  Antigens  for  the  Karp,  Kato  and  Gilliam 
strains  of  R.  tsutsugamushi,  obtained  from  the  Department  of 
Rickettsiology,  USAMRU,  Institute  for  Medical  Research,  Kuala 
Lumpur,  Malaysia,  were  prepared  from  specific  pathogen  free  hen's 
eggs  (SPAFAS,  Inc.,  Norwich,  Conn.)  as  a  20  percent  yolk  sac 
suspension  in  Synder's  diluent  (63).  Aliquots  of  the  preparation 
were  stored  at  -70°C  after  determining  the  procedural  working 
dilution.  Working  dilutions  were  determined, using  the  same  diluent, 
which  would  yield  approximately  1,000  organisms  per  500X 
microscope  field  and  titer  by  MIFA,  to  end  point,  with  a  final 
1:50  dilution  of  high  titer  human  sera.  When  testing  was 
performed,  the  aliquot  was  thawed  to  37°C,  kept  on  wet  ice,  and 
prepared  to  the  predetermined  working  dilution.  The  working 
preparations  were  used  as  equal  volume  pools  and  as  single 
antigens  for  the  MIFA  method  of  Robinson  (64)  as  well  as  for 
the  ELISA  technique.  Negative  serum  controls,  normal  yolk  sac 
suspension,  and  serum  diluent  were  evaluated  concurrently  with 
the  human  sera. 

Sera:  Human  serum  from  Thailand  and  Malaysia  represented 
indigenous  persons  potentially  exposed  to  scrub  typhus;  positive 
control  sera  were  from  patients  infected  with  R.  tsutsugamushi. 

Six  groups  of  98,  105,  10,  50,  58,  and  30  sera  were  designated 
Tab lan  1,  2,  3  (TP1,  TP2,  TP 3) ,  Pak  Chong  2,  3  (PC2,  PC3  and 
(KLX) .  All  were  stored  at  -20°C  prior  to  testing.  Serum  tested 
by  both  procedures  was  initially  diluted  to  1:50  and  screened 
against  pooled  antigen.  Positive  sera  were  then  titered  against 
the  pool  as  well  as  against  the  separate  antigens  in  2-fold  serum 
serial  dilutions  of  1:100,  1:200,  1:400,  1:800  and  1:1600. 

Control  sera  were  defined  as  positive  or  negative  at  a  1:50 
dilution.  A  test  positive  serum  was  read  relative  to  the  controls 
and  positive  titers  as  positive  at  3  to  4  serial  dilutions  of 
the  serum.  For  the  MIFA  procedure  28  sera  and  two  controls  were 
tested  per  microscope  slide.  Ten  sera  and  two  controls  per 
slide  were  used  for  the  ELISA  technique. 
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MIFA  procedure:  Training  for  the  performance  of  the  test  was 
obtained  in  Kuala  Lumpur  using  the  MIFA  method  of  Robinson  (64) 
and  was  performed  in  Bangkok  with  no  deviation  from  the  essential 
procedural  steps.  The  method  essentially  prescribes  appropri- 
atedly  diluted  antigens  and  controls,  placed  as  30  pen  nib  dots 
on  a  microscope  slide,  fixed  in  acetone,  incubated  at  37°C  with 
an  initial  1:50  (serum:  phosphate  buffered  saline)  diluted 
specimen  per  antigen  dot  and  again  incubated  with  a  fluorescence 
conjugated  horse  anti-human  immunoglobulin.  Phosphate  buffered 
saline  (PBS)  was  utilized  for  all  intermittent  washing  steps. 
Microscopic  fluorescence  examination  was  performed  with  a  Leitz 
Orthoplan  research  microscope,  equipped  with  fluorescence 
technique  objectives,  at  40X  dry  power.  Filter  and  light  sources 
were  combined  to  produce  a  maximum  intensity  ocular  emission 
fluorescence  at  525  millimicrons. 

PELISA  technique:  Antigen  was  applied  as  a  single  one  lambda 
drop  on  a  microscope  slide,  fixed  in  chloroform:  methanol,  dried 
and  sandwiched  with  a  five  lambda  test  serum  drop  (diluted  1:50), 
incubated,  washed,  dried  and  sandwiched  with  an  anti-human  JgG 
peroxidase  conjugate  (diluted  1:400),  incubated,  washed  and  dried 
before  direct  application  of  a  substrate  saturated  filter  paper. 

The  enzyme  reaction  was  visually  monitored  as  production  of  a 
purple-brown  product  and  terminated  by  removal  of  the  filter 
paper  holding  to  remaining  substrate  and  product  produced.  This 
paper  was  quickly  dried  and  retained  as  a  permanent  record  of 
the  test.  All  sera,  as  in  MIFA,  were  first  screened  against 
pooled  antigen.  A  positive  serum  was  then  titered  against  the 
pool  and  also  titered  against  the  individual  antigens  rendering 
separate  titers  for  the  pooled  and  individual  antigens.  Procedural 
details  were  as  follows: 

One  lambda  drops  of  working  antigen,  delivered  by  an  Eppendorf 
automatic  hand  pipette,  were  spotted  on  slides  precleaned 
with  a  mixture  of  chloroform  N.F.  (Allied  Chemical,  Morristown, 
N.J.) :  methanol  ACS  (Eastman  Kodak,  Rochester,  N.Y.),  2:1  by 
volume  (C:M)  and  air  dried  1  hr.  to  approximately  5  mm  diameter 
circular  spots,  12  spots  to  a  slide  in  3  rows,  4  spots  per  row. 
After  air  drying,  the  spotted  slides  were  fixed  by  immersion  in 
C:M  at  4°C  for  10  min  and  again  air  dried.  The  antigen  prepared 
slides  were  immediately  used  or  stored  in  a  desiccation  container 
at  -20°C  and  used  within  two  weeks.  Slides  were  general 
laboratory  use  75  mm  x  25  mm  glass  with  one  frosted  end  (Propper 
Mfg  Co.,  Inc.,  L.I.C.,  N.Y.)  Serum  was  diluted  with  a  1  percent 
Tween  20:0.5  M  NaCl  solution,  pH  adjusted  to  7.4  with  0.1  M 
K2HP04  (65).  Five  lambda  of  the  diluted  serum  was  spotted  at 
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room  temperature  to  cover  the  dr/  antigen  spot  on  the  microscope 
slide,  maintaining  an  approximate  5  mm  diameter  circular  antigen- 
serum  surface  area  and  incubated  on  a  damp  sponge  humidified 
at  37°  C  for  30  minutes.  The  slide  was  then  washed  at  room 
temperature  with  a  pH  7. 2-7. 4  phosphate  buffered  saline  (PBS) 

(.66).  three  times,  5  minutes  each  time,  by  soaking  in  a  histo- 
pathology  Coplin  jar  which  was  emptied  and  refilled  with  fresh 
PBS  between  the  successive  soaks.  Following  this  wash  the 
slides  were  dried  using  an  -.unheated  hair  dryer.  Each  slide  was 
carefully  cleaned  around  the  antigen-serum  spots  with  a  dry 
cotton  tipped  applicator  to  remove  any  traces  of  residual 
serum  which  would  interfere  with  the  edge  surface  tension 
integrity  of  later  sandwiched  drop  applications. 

Anti-human  IgG  (heavy  chain)  conjugate  was  obtained  from 
Microbiological  Associates,  Walkersville,  MD.  as  a  conjugated 
horseradish  peroxidase  IgG  Fraction  prepared  in  rabbits.  The 
working  peroxidase  conjugate  was  prepared  as  a  1:400  dilution 
in  the  Tween  NaC]  diluent.  Aliquots  of  the  diluted  working 
conjugate  were  stored  at  -20°C  until  use.  Working  conjugate, 
at  room  temperature,  was  delivered  as  a  5  lambda  drop  onto  the 
slide  antigen-serum  spot,  maintaining  a  5mm  diameter  spot- 
surface  contact,  kept  humidified  at  37°C  for  30  minutes,  and 
followed  by  washing  and  drying  as  performed  in  the  application 
of  serum  samples  to  the  antigen  spot.  The  conjugate  dilution 
of  1:400  was  determined  by  titration  to  be  optimal.  Substrate 
was  a  freshly  prepared  mixture  of  9  parts,  80  mg%  aq. ,  of 
5-Amino  Salicylic  acid  (ICN  Pharmaceutical  Inc.,  Plainview,  N.Y.) 
pH,  adjusted  to  6  with  IN  NaOH  and  1  part  0.05%  ^0^  aq. 
(Mallinckrodt,  Inc.,  St.  Louis,  MO.)  added  as  an  oxidizer  (67). 
Filter  paper  (Whatman  ML  ashless  #41)  was  cut  to  the  same 
dimensions  as  the  microscope  slide,  saturated  with  500  lambda 
of  the  prepared  substrate,  and  carefully  overlaid  on  the  slide. 
Production  of  the  purple-brown  substrate  product  is  visually 
monitored  at  the  control  spots  site  for  approximately  4  to  6 
minutes,  then  the  filter  paper  is  removed  and  air  dried.  A 
test  positive  or  negative  serum  is  visually  determined  relative 
to  the  controls.  A  positive  titer  was  defined  to  be  a  3  to  4 
fold  dilution  of  serum.  Positive  and  negative  sera  controls 
were  tested  on  each  slide. 

RESULTS :  The  MI  FA  procedure  and  our  peroxidase  paper  enzyme- 
linked  immunosorbent  assay  (PELISA)  using  an  enzyme  conjugate 
were  studied  in  ability  to  detect  antibody  in  351  human  sera. 

An  agreement  of  96.3  percent  with  the  MIFA  procedure  in  the 
screening  of  antibody  at  a  1:50  serum  dilution  against  a 
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Table  16  Comparative  Screen  ( 1 ; 50  serum  dilution)  Agreement 
and  Disagreement  Between  the  MIFA  and  ELISA  Methods 
for  Detection  of  Serum  Antibody  to  Scrub  Typhus 
Antigens  (n  =  351) 


Study 

groups 

Total 

sera 

MIFA 

Positive  Negative 

ELISA 

Positive  Negative 

TP1 

98 

66 

32 

69 

29 

TP  2 

105 

78 

27 

82 

23 

TP3 

10 

3 

7 

5 

5 

PC2 

50 

0 

50 

0 

50 

PC3 

58 

3 

55 

2 

56 

KLX 

30 

21 

9 

20 

10 

TP1 

TP2 

TP  3 

PC2 

PC3 

KLX 

98 

105 

10 

50 

55 

30 

Disagreements 

3  3 

4  4 

2  2 

2  1  1 

1 

2 

1 

Totals 

Disagreement 

3 

10 

10 

3 

Agreement 

168 

170 

168 

170 

Sera 

351 

171 

180 

178 

173 

Agreement:  96.3%  Disagreement:  3.7% 
Antibody  positive:  ELISA  greater  than  MIFA:  2% 
Antibody  negative:  MIFA  greater  than  ELISA:  2% 
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Table  17  Comparative  Agreement  and  Disagreement  Between  the 
MIFA  and  ELISA  methods  for  the  Detection  of  Serum 
Antibody  to  Scrub  Typhus  Antigens. 


Study  groups 

Pool 

1:50 

screen 

Pool  titer 
ldil/2dil 

Karp  titer  Kato  titer 
ldil/2dil  ldil/2dil 

Gilliam 

titer 

ldil/2dil 

TP1  agree 

95 

71/93 

77/91 

80/87 

75/84 

disagree 

3 

27/5 

21/7 

18/11 

23/14 

TP2  agree 

101 

80/97 

84/97 

86/98 

81/98 

disagree 

4 

25/8 

21/8 

19/7 

24/7 

TP3  agree 

8 

7/8 

8/8 

7/7 

6/8 

disagree 

2 

3/2 

2/2 

3/3 

4/2 

PC2  agree 

50 

50/50 

50/50 

50/50 

50/50 

disagree 

- 

-/- 

-/- 

-/- 

-/- 

PCS  agree 

55 

55/55 

55/55 

57/57 

55/55 

disagree 

3 

3/3 

3/3 

1/1 

3/3 

KLX  agree 

29 

20/29 

24/28 

24/29 

26/28 

disagree 

1 

10/1 

6/2 

6/1 

4/2 

TOTAL  agree 

383 

283/332 

298/329 

304/328 

298/323 

disagree 

13 

68/19 

53/22 

47/23 

58/28 

%  agree 

96.3 

80.6/94.6 

84.9/93.7 

86.6/93.4 

83.5/92.0 

%  disagree 

3.7 

19.4/5.4 

15.1/6.3 

13.4/6.6 

16.5/8.0 

The  screening  is  performed  against  the  three  antigen  pool  at  a 
1:50  dilution.  Results  are  expressed  as  in  agreement  or 
disagreement  within  one  or  two  serum  dilutions  between  the  methods. 
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Table  18  Enlarged  photographs  of  3  PELISA  Results 

positive:  +,  negative:  serum  control:  C 


A 

B 

C 

D 

I.  1. 

+C 

+C 

-c 

-C 

2. 

-C 

+c 

+c 

+C 

3. 

-c 

-c 

+c 

+c 

II.  1. 

- 

- 

+ 

+ 

2. 

+ 

+ 

+c 

-c 

3. 

+ 

+ 

-c 

-c 

III.  1. 

- 

- 

- 

- 

2. 

+ 

+ 

+ 

+ 

3. 

- 

- 

+c 

-c 

II/3/C  and 

D  are  reagent 

,  no  antigen,  normal  yolk  sac 

controls  tested  against 

a  positive 

and 

negative  control 

sera. 
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Figure  4 


( 


heterologous  antigen  pool  of  Karp,  Kato  and  Gilliam  strains  of 
the  scrub  typhus  rickettsia  was  obtained  (Tablel6) .  Of  the  sera 
screened  positive  for  antibody,  two  percent  more  were  detected 
by  PELISA.  Of  negative  sera,  two  percent  more  were  detected  by 
the  MI  FA  than  by  PELISA. 

In  performing  titers,  by  2-fold  serial  dilutions  of  the  serum, 
comparison  was  made  as  agreement  or  disagreement  between  the 
two  methods  as  being  within  one  or  two  dilutions  (Table  17). 

Titer  agreement  with  two  dilutions  was  94.6  percent  for  the  pool, 
93.7  percent  for  the  Karp  strain,  93.7  percent  for  Kato  and  92.0 
percent  for  Gilliam.  These  agreement  percentages  represent  serum 
with  detectable  antibody  as  well  as  those  without  detectable 
antibody  levels.  Positive  antibody  detection  ranged  from  the 
initial  1:50  dilution  to  1:1600,  all  in  2-fold  serial  dilutions. 

Figure  4  is  an  enlarged  photograph  and  code  description 
(Table  18  )  of  the  dry  PELISA  75  x  22  mm  microscope  slide  size 
filter  paper  strips.  Strip  I  represents  only  positive  and 
negative  control  sera  with  all  except  I/l/C,  I/l/D,  I/2/A, 

I/3/A  and  I/3/B  being  positive.  Strip  II  represents  actual 
test  sera  and  four  controls,  II/2/C  and  II/2/D  being  a  positive 
and  negative  control  sera  and  II/3/C  and  II/3/D  being  uninfected 
no-antigen  normal  yolk  sac  reagent  controls  tested  against  a 
positive  and  negative  control  serum.  Strip  III  represents 
tested  sera  and  a  positive  and  negative  control  sera  at  III/3/C 
and  III /3/D . 

10,  Mosquito  Cytogenetics,  Electrophoresis  and  Cross 
Mating  Studies 

OBJECTIVE:  To  define  and  delimit  the  species  or  strains  of 
mosquito  species  in  Thailand  and  Southeast  Asia  that  serve  as  the 
primary  vectors  of  human  pathogens  by  cytogenetic  and  enzymatic 
techniques  for: 

1.  A  check  against  current  morphological  species  concepts; 

2.  the  accurate  determination  of  the  limits  of  gene  pools 
in  natural  populations  of  vector  species;  and 

3.  the  correlation  of  genetic  variation  in  natural  and/or 
colony  populations  of  the  primary  vectors  with  their  degree 

of  susceptibility  to  infection  with  dengue  viruses  and/or  malaria 
parasites. 


( 
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BACKGROUND:  These  studies  are  a  continuation  of  projects 
initiated  in  1978  and  outlined  in  a  previous  report  (23).  The 
recognition  of  sibling  or  cryptic  species  in  important  vector 
species  groups  of  mosquitoes  is  steadily  increasing  with  each 
year,  and  is  essential  for  developing  effective  control  programs 
and  understanding  the  epidemiology  of  vector-borne  diseases  (68). 
Cytogenetic  and  electrophoresis  techniques  have  been  shown  to 
be  effective  in  differentiating  such  cryptic  species  and  in 
determining  the  genetic  variability  (including  disease  suscep¬ 
tibility)  in  natural  populations  of  mosquitoes  (69).  These 
techniques,  wiaen  coupled  with  morphological  studies  and  hybridiza¬ 
tion  experiments,  provide  the  best  basis  for  species  and  vector 
strain  differentiation. 

METHODS :  Cytogenetic  techniques  employed  were  a  modification 
of  the  standard  chromosome  squash  technique  (70)  for  salivary 
polytene  chromosome  preparations  and  a  modified  technique  (71) 
for  larval  brain  metaphase  preparations.  The  electrophoresis 
techniques  employed  and  the  enzyme  terminology  and  abbreviations 
are  those  of  Steiner  and  Joslyn  (72). 

Chromosome  maps  and  electrophoresis  starch-gel  esterase  patterns 
are  being  made  for  selected  laboratory  colony  strains  or  species. 
These  maps  or  patterns  will  serve  as  Standards'  for  later 
comparisons  with  other  strains  and/or  species.  Once  "standard" 
maps  or  esterase  patterns  have  been  established,  wild  collected 
populations  will  be  sampled  to  survey  the  variations  occurring 
in  natural  populations.  Wild  and/or  colony  strains  of  currently 
recognized  morphological  species  that  exhibit  sufficient  cyto¬ 
genetic  and/or  electrophoretic  differences  will  be  studied 
further  by  hybridization  experiments  to  determine  if  they  are 
conspecific.  Strains  of  Aedes  aegypti  (wild  or  colony)  that 
exhibit  distinct  esterase  polynorphisms  will  be  tested  for 
susceptibility  to  infection  with  dengue  viruses. 

RESULTS:  Two  additional  colonies  of  members  of  the  Leucosphyrus 
Group  were  established  during  this  period.  A  colony  of  the 
Taiwan  strain  of  An.  balabacensis  was  started  with  the  assistance 
of  Dr.  J.C.  Lien,  Taipei,  and  the  U.S.  Navy  Medical  Research 
Unit  No.  2,  Taipei,  Taiwan.  This  colony  requires  forced  mating 
and  most  females  require  two  blood  meals  before  oviposition.  The 
second  colony  was  acquired  from  Mr.  W.H.  Cheong,  Institute  of 
Medical  Research,  Kuala  Lumpur,  Malaysia.  This  colony  purportedly 
represents  balabacensis  from  an  inland  locality  in  Sabah,  East 
ffelaysia;  however,  after  a  very  short  time  the  colony  was  noted  to 
be  self-mating,  and  a  morphological  examination  of  the  adult  and 
immature  stages  showed  the  colony  was  the  Perlis-Kedah  strain 


( 


(Peninsular  Malaysia)  of  balabacensis.  This  identification  was 
confirmed  by  personnel  at  the  Medical  Entomology  Project  (MEP) , 
Smithsonian  Institution,  Washington,  D.C. 

Efforts  to  colonize  other  vector  species  or  potential  vectors 
from  Thailand  are  continuing.  Two  colonies  of  An.  maculatus 
(Central  and  Southeast  Thai  strains)  have  been  started,  however, 
these  colonies  are  still  unstable.  Efforts  are  continuing  to 
colonize  nivipes  and/or  philippinensis  from  Thailand  for  a  number 
of  studies. 

During  this  report  period,  the  Thai  species  called  balabacensis 
and  previously  listed  (23)  as  a  colony  used  in  these  studies  was 
involved  in  a  taxonomic  study  which  resulted  in  its  being 
described  as  a  new  species,  dirus,  in  the  Leucosphyrus  group 
from  Thailand  (73).  A  more  detailed  discussion  of  this  new 
species  is  provided  elsewhere  in  this  Annual  Progress  Report. 

This  species,  dirus,  is  one  of  the  primary  species  involved  in 
cytogenetic  and  electrophoresis  studies. 

Electrophoretic  studies  on  An.  maculatus  were  initiated  during 
the  year.  This  species  is  considered  a  primary  vector  of  human 
malaria  parasites  in  Thailand.  However,  its  vector  capabilities 
in  the  southern  peninsular  area  appear  to  be  different  from  those 
in  the  central  and  northern  areas  of  Thailand.  During  the  last 
half  of  1978,  a  large  number  of  adult  female  maculatus  were 
collected  in  Chumphon  Province.  Table  19  shows  the  genetic 
variation  occurring  in  Chumphon  females  screened  at  nine  different 
electrophoretic  enzyme  loci.  These  specimens  were  screened  to 
help  determine  the  enzyme  loci  showing  allelic  variation  that  can 
be  used  in  future  studies.  Actually,  no  analysis  of  the  Chumphon 
maculatus  electrophoretic  esterase  banding  patterns  is  possible 
at  this  time.  Chumphon  Province  probably  represents  the  most 
northern  extension  of  many  Malaysian  species  in  Thailand,  thus  a 
number  of  species,  subspecies  and  other  taxa  probably  overlap  in 
that  area.  Work  is  continuing  on  maculatus  strains,  but,  rests, 
in  part,  on  the  establishment  of  a  successful  maculatus  colony 
from  central-northern  Thailand. 

Electrophoresis  studies  were  also  initiated  during  this  period  on 
member  of  the  Leucosphyrus  Group.  A  total  of  12  different 
enzyme  loci  were  screened  for  genetic  variation  in  colony  adults 
of  An.  dirus  and  nine  were  screened  in  colony  adults  of  the  Perlis 
strain  of  balabacensis  (Table  2D),  The  enzyme  loci  Hk-1,  Me  and 
6-pgdh  were  homozygous  in  these  studies,  however,  larger  sample 
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sizes  will  be  used  in  future  studies.  Considerable  allelic 
variation  was  detected  in  the  enzyme  loci  Aldox,  Est-2  and  Xdh, 
and  differences  were  detected  between  dirus  and  the  Perlis  strain 
in  frequencies  of  certain  alleles  at  several  enzyme  loci.  Analyses 
of  these  variations  and  differences  are  continuing  and  future 
comparisons  will  include  the  Taiwan  strain  of  balabacensis. 

A  total  of  15  enzyme  loci  were  screened  for  genetic  variation 
in  50  larvae  each  of  four  colony  strains  of  Thai  Aedes  aegypti  (23) . 
Only  six  enzyme  loci  exhibited  allele  variation  in  electrophoretic 
esterase  banding  patterns  during  this  study  (Table  21) .Differences 
were  detected  in  the  aegypti  strains,  particularly  at  the  loci 
Pgm,  Est-1  and  Est-2;  however  further  studies  and  analysis  are 
necessary  for  proper  interpretation  of  these  differences. 

Further  electrophoretic  analyses  of  the  aegypti  strains  are 
anticipated,  coupled  with  an  analysis  of  each  strain's  suscep¬ 
tibility  to  dengue  viruses  1-4. 

The  frequencies  of  alleles  for  the  enzyme  loci.  Esterase  1,  2, 

3,  4  and  Lap  1,  2,  3,  4  in  4  strains  of  4th  stage  larvae  of 
aegypti  reared  at  20°  and  35°C  are  presented  in  Table  22.  The 
most  marked  differences  were  noted  in  the  allele  variation  at 
the  Est  1,  2,  3  and  4  loci  for  all  four  strains  of  aegypti. 

Larvae  reared  at  20°C  exhibited  striking  allele  frequency 
differences  at  all  4  Est  loci,  particularly  the  differences 
between  the  Din  Daeng  Fj  larvae  and  colonized  strains  1,  3  and 
colonized  strains  1,  3  and  4.  Differences  in  allele  frequencies 
at  the  lap  1,  2,  3  and  4  loci  were  observed  for  all  four  strains 
of  aegypti,  but  were  considerably  less  than  those  observed  for 
the  Est  loci.  These  data  indicate  that  the  four  strains  of 
aegypti  not  only  show  interstrain  differences  in  allele  frequency 
at  a  given  temperature,  but  also  show  intrastrain  allele  vavia- 
tions  when  reared  at  different  temperature. 

Cytogenetic  studies  during  this  period  focused  on  members  of  the 
Anopheles  Leucosphyrus  Group.  A  limited  number  of  squash 
preparations  were  made  from  adult  female  ovarian  nurse  cells, 
however  this  technique  did  not  yield  slide  preparations  of  the 
same  quality  as  salivary  gland  polytene  chromosome  preparations. 
Excellent  salivary  gland  squash  preparations  have  been  made  for 
Anopheles  dirus  (Figures)  and  An.  balabacensis  (Perlis  strain). 
Brain  metaphase  slides  have  also  been  prepared  from  adult 
specimens  of  these  two  colonies.  Both  the  salivary  and  brain 
metaphase  chromosome  preparations  are  currently  being  analyzed 
in  preparation  for  publication.  A  salivary  chromosome  map  has 
been  prepared  for  dirus  and  is  included  in  a  manuscript  being 
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Table  19  Genetic  variation  (allele  frequencies)  at  9  different 

electrophoretic  enzyme  loci  in  feral  Anopheles  maculatus 
females  from  Chumphon  Province,  Thailand  (1978) 


Enzyme 

locus 

— 

Populations^ 

.  - 

Hi 

.98 

1.00 

Allele 

1.02 

1.04  1.06 

6-pgdh 

07970,  08007 
07945,  08003 
08004 

53 

- 

.85 

.11 

.04 

Hk-1 

08003,  08004 

5 

. .  . , . 

- 

1.00 

- 

- 

Hk-3 

07945,  08004 

11 

- 

1.00 

- 

- 

Xdh 

08003,  08007 
08003 

68 

.01 

.71 

.13 

.06  .09 

^ -gpdh 

07970,  08007 
07945,  08003 

42 

- 

1.00 

- 

- 

Idh 

08003,  08004 

39 

.15 

.81 

.04 

- 

Aldox 

08003,  08004 

30 

- 

- 

.97 

.03 

Pgi 

08003 

29 

- 

- 

- 

1.00 

Pqm 

08003 

29 

- 

.04 

.94 

.02(2) 

(1) 

AFRIMS  collection  numbers  for  wild  females  taken  in  biting 
collections  on  human  bait • 


(2) 


Further  analysis  needed. 
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Table  20  Presence  of  genetic  (allelic)  variation  at  12  different 
electrophoretic  enzyme  loci  in  adults  from  colonies  of 
Anopheles  dirus  and  balabacensis  (Perlis  Strain)  at 
AFRIMS,  Bangkok. 


Enzyme 

locus 

Presence  (+)  or 

absence  (-)  of  genetic  variation 

Anopheles  dirus 

\n. balabacensis (Perlis  strain) 

0” 

No. Tested 

* 

No. Tested 

C f 

No. Tested 

% 

No. Tested 

Aldox 

+ 

163 

+ 

202 

+ 

129 

4* 

134 

Est-1 

- 

45 

- 

103 

Not  Tei 

;ted 

Est-2 

+ 

45 

+ 

103 

Est-3 

+ 

30 

No 

:  Tested 

Not  Tei 

ited 

Hk  -1 

- 

58 

- 

48 

- 

15 

- 

15 

Hk  -2 

- 

58 

+ 

48 

- 

39 

+ 

38 

Hk  -3 

+ 

81 

- 

81 

- 

15 

- 

15 

Me 

- 

47 

- 

30 

68 

- 

81 

Pgi 

- 

130 

+ 

219 

- 

114 

+ 

88 

Pqm 

+ 

147 

+ 

194 

- 

15 

- 

15 

Xdh 

+ 

100 

+ 

144 

- 

65 

+ 

62 

6-pgdh 

- 

84 

- 

94 

- 

58 

- 

78 

\  *• 
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Table  21  Genetic  variation  (allele  frequencies)  at  6  different 


electrophoretic  enzyme  loci  in  4th  stage  larvae  of  4 
colony  strains  of  Aedes  aegypti  from  Thailand 
(AFRIMS-Bangkok) . 1  _ 


Enzyme 

locus 

Mosquito 

Strain 

Allele 

.96  .98  1.00  1.02  1.04 

Mdh 

aegypti-1 

"  -3 

"  -4 

"  -5 

.17  .72  .11 

.20  .80 

.20  .75  .05 

.10  .80  .10 

Pgm 

aegypti-1 

"  -3 

"  -4 

"  -5 

.50  .40  .10 

.09  .50  .32  .09 

.50  -  .50 

.60  .30  .10 

Idh 

aegypti-1 

"  3 

"  4 

"  5 

1.00 

.91  .09 

1.00 

-  Not  Analyzed  - 

Est-1 

aegypti-1 

"  -3 

"  -4 

"  -5 

.90  .10 

.80  .20 

.25  .70  .05 

.20  .30  .20  .30 

Est-2 

aegypti-1 

"  -3 

"  -4 

"  -5 

1.00  -  (?)  Null*(?) 

1.00  (?)  Null  (?) 

1.00  Null  (?) 

-  Not  Analyzed  - 

Pgi 

aegypti-1 

"  -3 

"  -4 

"  -5 

1.00 

1.00 

1.00 

.10  .90 

The  following  9  enzyme  loci  did  not  exhibit  genetic  variation 
during  these  tests  (<*-G-pdh,  G-6-pdh-F,  Ald-M,  Ald-F,  6-pgdh, 
Got-S,  Got-F,  Me  and  Lap-F). 

Null  (?)-possible  overlap  in  activity  between  the  Est-1  and 
Est-2  loci 
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Table  22  Relative  allele  frequencies  of  esterase  and  lap  enzyme 
loci  in  4th  stage  larvae  of  4  strains*  of  Aedes  aegypti 
reared  at  20  *  C  and  35*  C.  (AFRIMS,  Bangkok) 


Aedes  aegypti 

No. of 

Allele (20 

Cc)  . 

No.  of 

Allele  (35 °C) 

Locus 

Strains 

Larvae 

.98 

1.00  1,02 

Larvae 

,98 

1.00 

1.02 

Est-1 

aegypti-1 

28 

.07 

.63 

.30 

23 

.16 

.61 

.23 

aegypti-3 

16 

- 

.45 

.55 

23 

.11 

.89 

- 

aegypti-4 

26 

- 

.88 

.12 

00 

2 

NDZ 

ND 

ND 

aegypti-D.D 

08 

.06 

.50 

.44 

08 

.05 

.25 

.69 

Est-2 

aegypti-1 

23 

*10 

.83 

.07 

23 

- 

1.00 

- 

aegypti-3 

16 

.07 

.76 

.17 

27 

.02 

.98 

- 

aegypti-4 

26 

.09 

.81 

.10 

00 

ND 

ND 

ND 

aegypti-T.D. 

08 

.13 

.68 

? 

08 

- 

100 

- 

Est-3 

aegypti-1 

23 

- 

.90 

.10 

23 

- 

blurry 

- 

aegypti-3 

21 

- 

.91 

.09 

24 

- 

1.00 

- 

aegypti-4 

21 

- 

1.00 

- 

00 

ND 

ND 

ND 

aegypti-D.D. 

03 

- 

1.00 

- 

03 

- 

1.00 

- 

Est-4 

aegypti-1 

08 

.06 

.94 

- 

23 

- 

1.00 

- 

aegypti-3 

08 

.06 

.94 

- 

24 

- 

1.00 

- 

aegypti-4 

26 

- 

1.00 

- 

00 

ND 

ND 

ND 

aegypti-D.D. 

08 

.13 

.87 

- 

08 

- 

1.00 

- 

Lap-1 

aegypti-1 

28 

.05 

.95 

- 

23 

1.00 

- 

aegypti-3 

16 

.04 

.96 

- 

24 

- 

1.00 

- 

aegypti-4 

18 

- 

1.00 

- 

25 

1.00 

- 

aegypti-D.D. 

08 

- 

1.00 

- 

08 

.13 

.87 

- 
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Table  22  Continued 


l!!S!H!l!l 

No.  of 

Allele (20 °C) 

No.  of 

Allele  (35 °C) 

Locus 

Strains 

larvae 

.98 

1.00 

1.02 

Larvae 

.98 

1.00 

1.02 

Lap-2 

aegypti-1 

28 

- 

.94 

.06 

23 

.42 

.46 

.12 

aegypti-3 

- 

1.00 

- 

00 

ND 

ND 

ND 

aegypti-4 

- 

.76 

.24 

00 

ND 

ND 

ND 

aegypti-D.D. 

- 

1.00 

- 

10 

- 

.93 

.07 

Lap -3 

aegypti-1 

28 

- 

1.00 

- 

00 

ND 

ND 

ND 

aegypti-3 

16 

- 

1.00 

- 

00 

ND 

ND 

ND 

aegypti-4 

18 

- 

1.00 

- 

00 

ND 

ND 

ND 

aegypti-D.D. 

08 

- 

1.00 

- 

08 

- 

1.00 

- 

Lap-4 

aegypti-1 

m 

- 

1.00 

-  ’ 

00 

ND 

ND 

ND 

aegypti-3 

- 

1.00 

- 

00 

ND 

ND 

ND 

aegypti-4 

9 

- 

.92 

.08 

00 

ND 

ND 

ND 

aegypti-D.D. 

m 

- 

1.00 

- 

03 

- 

1.00 

- 

1 

Gentration:  Colony  1  (unknown-11  yrs  old),  Colony  3  (F10)> 
2  Colony  4  (F10)  and  Din  Daeng  (F^)  19 

Not  done 
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Figure  5  Salivary  polytene  chromosomes  of  Anopheles  dlrus  Peyton 

and  Harrison. 
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prepared  for  publication  in  the  near  future.  The  specimens  of 
dirus  used  to  prepared  this  map  came  from  a  colony  which  is 
approximately  ISh  years  old,  and  as  would  be  expected,  poly¬ 
morphisms  were  not  observed  on  the  chromosomes.  The  chromosome 
map  for  dirus  will  serve  as  a  "standard"  for  comparisons  with 
future  maps  of  other  taxa  in  the  Leucosphyrus  Group.  Recently, 
squash  preparations  have  been  started  for  the  Taiwan  strain  of 
balabacensis  and  a  future  comparison  of  the  chromosomes  of  this 
strain  with  those  of  the  Perlis  strain  and  dirus  is  anticipated. 

Cross  mating  experiments  between  An.  dirus  and  An.  balabacensis 
(Taiwan  strain)  are  currently  in  progress.  Crossing  experiments 
between  dirus  and  balabacensis  (Perlis  strain) ,  and  between  the 
Taiwan  and  Perlis  strains  will  start  in  the  near  future. 

All  aspects  of  these  studies  are  continuing. 

11.  Mosquito  Survey  and  Taxonomic  Studies 

OBJECTIVE :  To  elucidate  the  mosquito  fauna  of  Thailand  and 
Southeast  Asia,  with  primary  emphasis  on  the  identification  of 
diagnostic  characters  for  the  separation  of  vector  species  and 
groups  containing  vector  species  of  human  pathogens. 

BAKCGROUND :  This  is  a  continuation  of  efforts  begun  in  the  early 
1960's  and  currently  conducted  in  partial  collaboration  with  the 
Medical  Entomology  Project  (MEP) ,  Smithsonian  Institution, 
Washington,  D.C.  A  brief  review  of  the  history  of  these  efforts 
was  presented  in  the  previous  annual  report  (23), 

METHODS :  Surveys  for  target  species  and  species  groups  are 
conducted  at  selected  sites  and  habitats  throughout  Thailand. 

These  surveys  involve  the  collection  of  immature  and  adult 
mosquitoes,  with  emphasis  placed  on  reared  adults  with  associated 
larval  and  pupal  skins,  and  on  progeny  adults  (with  associated 
larval  and  pupal  skins)  reared  from  eggs  oviposited  by  known 
wild  collected  females.  Specimens  are  curated  and  pinned  or 
slide  mounted  for  further  study  by  investigators  in  the  labora¬ 
tory,  or  shipped  for  study  to  MEP  or  other  world  recognized 
authorities.  Studies  primarily  consist  of  an  analysis  of  intra¬ 
interspecific  variations  to  identify  useful  characters  for 
separating  the  species.  Useful  diagnostic  characters,  new  species 
records,  and  new  taxa  found  in  Thailand  are  prepared  for 
publication  and  described  in  scientific  journals. 
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RESULTS :  During  this  period  major  research  efforts  went  into 
support  for  the  monographic  revisionary  study  of  the  Leucosphyrus 
Group  of  Anopheles  (Cellia)  by  personnel  at  the  Medical  Entomology 
Project  (MEP) ,  Smithsonian  Institution,  Washington,  D.C.  These 
collaborative  efforts  are  responsible  for  the  recent  discovery 
that  the  primary  malaria  vector  species  in  Thailand,  previously 
called  balabacensis ,  is  morphologically  distinct  in  the  adult, 
pupal  and  4th  larval  stage  from  topotypic  balabacensis  from 
Balabac  Island,  Philippines,  and  specimens  of  this  species  from 
the  adjacent  areas  of  Palawan  Island,  Philippines  and  Sabah,  East 
Malaysia.  Accordingly,  the  Thai  species  has  been  redescribed  as 
a  new  species,  Anopheles  dirus  (73).  Historically,  a  number  of 
major  malaria-vector  efforts  in  Thailand  (e.g.  74,  75)  have  been 
based  on  dirus  [as  balabacensis) .  In  addition,  dirus  has  been 
colonized  since  1964  and  is  known  around  the  world  as  the  Khao 
Mai  Phaeo  or  Banekok  Strain  (of  balabacensis) ,  and  has  been  used 
for  years  in  numerous  experimental  malaria  research  projects 
and  scientific  publications.  Current  ongoing  research  with  this 
species  consists  of:  (A)  cross  mating  experiments  with  strains 
of  balabacensis  sensu  lato ,  from  Southeast  Asia;  (B)  continuing 
taxonomic  studies;  and  (C)  cytogenetic  and  electrophoresis 
studies  (23,  and  this  Annual  Progress  Report). 

Field  and  laboratory  support  for  the  Leucosphyrus  Group  studies 
resulted  in  the  shipment  of  1,898  adults  and  1,786  slides  of 
whole  larvae  and  larval  and/or  pupal  skins  of  the  above  adults  to 
the  Medical  Entomology  Project,  Smithsonian  Institution.  Approxi¬ 
mately  half  of  these  specimens  were  progeny  broods  from  laboratory 
colonies,  while  the  remainder  consisted  of  reared  feral  adults 
(with  associated  immature  skins)  and  progeny  broods  from  feral 
females  from  several  areas  of  Thailand.  These  specimens  are  being 
analyzed  for  intra-interspecific  variations,  with  emphasis  on  the 
discovery  and  confirmation  of  reliable  key  characters  for 
differentiating  the  taxa  in  this  group.  Biological  and  behavioral 
data  from  the  laboratory  and  field  collections  are  being  analyzed 
for  additional  information  of  potential  use  in  differentiating 
the  various  taxa  being  studied. 

Several  very  capable  vectors  of  human  malarial  parasites  in  the 
Indian  subregion,  that  are  uncommon  or  rare  in  Thailand,  were 
collected  during  this  period.  Anopheles  stephensi  and  varuna 
were  collected  as  larvae  (and  reared)  from  stream  pools  in  Hang 
Dong  District,  Chiangmai  Province.  Anopheles  culicifacies  larvae 
were  found  common  in  the  Mae  Klong  river  (Khwae  Yai)  just  12  km 
upstream  from  Kanchanaburi .  The  first  two  species  are  very 
uncommon  and  known  only  from  the  northwest  corner  of  Thailand, 
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However,  culicifacies  is  more  widespread  and  is  possibly  becoming 
more  abundant.  Since  culicifacies  has  developed  DDT  resistance 
in  northern  Thailand  (76),  its  distribution  and  abundance  deserve 
close  watch. 

A  monographic  study  of  the  Anopheles  Myzomyia  Series  in  Thailand, 
including  aconitus,  culicifacies,  jeyporiensis,  minimus ,  pampanai 
and  varuna ,  has  been  completed  and  submitted  for  publication  (77). 
Both  aconitus  and  minimus  are  confirmed  vectors  of  human  malarial 
parasites  in  Thailand.  This  study  summarizes  nearly  three  years 
of  field  work  in  Thailand  and  over  three  years  of  laboratory- 
museum  work  on  more  than  36,000  specimens. 

Anopheles  compestris ,  an  established  vector  of  human  malarial 
parasites  in  Malaysia  and  a  potential  vector  in  Thailand,  has  been 
recorded  from  the  Chiangmai  Valley  in  northern  Thailand  on  several 
occasions.  A  series  of  247  adults  of  the  Barbirostris  Group, 
reared  with  4th  stage  larval  and/or  pupal  skins  from  collections 
in  five  districts  in  and  adjacent  to  the  valley,  was  recently 
examined  for  campestris.  Although  most  adults  were  identifiable 
as  barbirostris  some  possessed  key  characters  identifying  them 
as  campestris ,  while  others  were  intermediate.  Fortunately,  the 
pupal  stage  contains  the  best  diagnostic  characters  for  separating 
these  two  species  in  Thailand  (78),  and  the  pupae  were  clearly  all 
barbirostris.  All  of  the  4th  stage  larval  skins  that  were 
examined  were  also  barbirostris .  Accordingly,  previous  records 
of  campestris  in  Chiangmai  should  be  disregarded,  and  probably 
were  based  on  adult  variants  of  barbirostris. 

In  certain  sections  of  eastern  Indonesia,  human  malarial  and 
filarial  parasites  (Brugia  malayi  and  B_.  timori)  are  transmitted 
by  Anopheles  barbirostris,  which  in  the  remainder  of  its  wide 
distribution  is  a  poor  or  non-vector.  These  vectorial  and  certain 
morphological  differences  have  been  used  in  the  past  to  justify 
the  description  of  a  subspecies ,  innominata ,  for  the  vector  strain 
of  barbirostris  (79).  The  possibility  of  another  sibling  species 
in  the  Barbirostris  Group  recently  prompted  a  morphological 
re-examination  of  specimens  from  eastern  Indonesia,  Malaysia, 
Thailand  and  other  areas.  This  collaborative  effort  concluded 
that  specimens  of  the  vector  strain  from  the  islands  of  Sulawesi, 
Flores  and  Timor  were  conspecific  with  barbirostris  from  Java, 
Malaysia,  Thailand  and  elsewhere  (80) .  Adults  of  the  vector 
strain  were  found  more  variable,  however  the  immature  stages  were 
all  clearly  barbirostris.  The  variations  noted  were  considered 
intraspecific  and  it  was  concluded  that  the  recognition  of  the 
subspecific  name,  innominata,  is  not  warranted. 
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Anopheles  maculatus  is  currently  recognized  by  the  Malaria 
Division,  Thai  Ministry  of  Public  Health,  as  a  primary  vector  of 
human  malarial  parasites  in  Thailand.  However,  maculatus  is 
apparently  a  vector  only  (or  primarily)  in  southern  Thailand  near 
the  Malaysian  border.  A  critical  morphological  re-examination  of 
this  species  is  urgently  needed  in  Thailand  and  adjacent  areas  of 
Southeast  Asia.  In  preparation  for  such  studies,  nundreds  of 
adults  of  maculatus  have  been  reared  with  associated  immature  skins 
from  Chiangmai,  Chumphon  and  Phangnga  provinces  and  collections 
are  continuing.  A  previously  unreported  melanistic  mutant  of 
maculatus  has  also  been  described  with  notes  on  the  inheritance  of 
this  trait  (81) . 

The  revisionary  study  on  the  Aedes  (Finlaya)kochi  group  of 
species  in  Thailand  and  Malaysia  (23)  made  significant  progress 
during  this  period.  Over  1,800  specimens  (adults  and  immature 
slides)  of  the  Poicilius  Subgroup  and  approximately  150  adults 
and  immatures  of  the  Flavipennis  Subgroup  were  collected  in  Thailand 
and  curated  for  future  study.  Currently,  four  species  in  the 
Kochi  Group  are  recognized  from  this  study  area.  Reliable 
diagnostic  characters  have  been  found  for  the  adults  and  immatures 
of  these  species.  Descriptions  and  illustrations  are  being 
prepared  for  publication. 

In  the  previous  Annual  Progress  Report  (23)  ,  a  large  series  of 
specimens  from  Kanchanaburi  Province  was  noted  as  shipped  to  the 
Medical  Entomology  Project,  Smithsonian  Institution.  These 
specimens  were  recently  described  as  a  new  Aedes  subgenus,  Isoaedes , 
and  a  new  species,  cavaticus  (82).  This  new  taxon  is  apparently 
a  true  cave  dwelling  species  known  only  from  Gang  Lawa  Cave,  Huai 
Bong  Ti,  in  Kanchanaburi  Province. 

Two  training  courses  were  offered  during  the  year.  The  first, 
"Curatorial  Techniques  for  Mosquito  Specimens",  was  conducted 
during  the  period  19-27  March  1979,  and  four  participants  from 
the  Thai  Ministry  of  Public  Health  attended.  The  second  course, 
"Entomological  Field  and  Laboratory  Techniques  for  Malaria 
Surveillance",  was  offered  during  the  period  2  July  to  17  August 
1979,  and  was  attended  by  two  Royal  Thai  Navy  personnel. 

These  studies  are  continuing. 
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12.  Studies  on  Filar iasis  in  Small  Mammals  in  Northeast 
Thailand 

OBJECTIVE:  To  establish  a  consistently  reproducible,  readily 
available,  genetically  controlled  laboratory  animal  model  for 
the  study  of  infection  with  nematodes  of  the  Superfamily  Filariaidea. 

BACKGROUND :  The  need  for  a  consistently  reproducible  laboratory 
animal  model  for  studies  of  infection  with  nematodes  of  the  Super¬ 
family  Filariaidea  has  been  expressed  (83).  A  mosquito-trans¬ 
mitted  filaria- laboratory  rat  system  would  fulfill  this  require¬ 
ment  and  is  the  ultimate  goal  of  these  studies.  Attempts  to 
transmit  Brugia  tupaia  through  mosquitoes  to  various  laboratory 
animals  were  made  at  the  SEATO  Medical  Research  Laboratory  (SMRL) 
in  1969  and  1970  (84,  8S)  but  were  unsuccessful.  One  mosquito- 
transmitted  filarial  parasite,  Brienlia  booliati,  has  been 
reported  in  Malaysia  and  laboratory  rats  have  been  successfully 
infected  with  this  nematode  at  the  University  of  Singapore  (86, 

87).  Additionally,  one  report  of  mosquito  transmission  of  Brugia 
pahang i  to  mice  using  Aedes  togoi  at  the  University  of  Singapore 
is  reported  (88) . 

A  preliminary  study  in  which  1,694  wild  rodents  in  Thailand  were 
trapped  and  screened  for  microfilaria  was  undertaken  by  Dill, 
et  al.  (89).  Results  of  this  study  revealed  the  presence  of 
unreported  filarial  nematodes  of  several  species.  Mosquito 
transmission  studies  utilizing  these  new  species  of  microfilaria 
were  unsuccessful.  Subsequent  to  this  study,  one  of  the  new 
species  of  microfilaria  has  been  described  and  named  Dunnifilaria 
dilli  (90) . 

This  study  is  modeled  after  the  earlier  study  by  Dill  (89)  et  al. 

METHODS:  Small  mammals  were  live- trapped  in  the  area  of  Pak 
Chong,  using  bananas  as  bait.  The  animals  were  screened  in  the 
field  by  examining  blood  films  for  the  presence  of  microfilaria. 

Blood  was  obtained  by  either  orbital  bleeding  or  by  cardiac 
puncture.  The  number  of  each  species  trapped  and  the  number 
positive  for  microfilaria  (regardless  of  species)  is  seen  in 
Table  23. 

Thirty-three  of  the  positive  animals  were  transported  to  our 
laboratory  for  definitive  identification  of  the  microfilaria  and 
further  studies.  Four  animals  died  either  during  the  trip  to  the 
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Table  23 


Species 

Number  Caught 

Number  Positive 

Bandicota  savilei 

3 

0 

Hylomys  suelis 

10 

0 

Menetes  berdmorei 

26 

3 

Menetes  cerviollor 

15 

0 

Rattus  berdmorei 

1 

0 

Rattus  bukit  bukit 

33 

0 

Rattus  exulans 

2 

0 

Rattus  koratensis 

19 

5 

Rattus  losea 

1 

0 

Rattus  rattus 

153 

5 

Rattus  rapid  orbus 

1 

0 

Rattus  sab  an us 

37 

19 

Rattus  surifer 

159 

7 

Tupaia  glis 

90 

25 

Total 

550 

64 
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Table  24 


Animal 

Species 

Microfilaria  Species 

Dunmfilaria 

ramachandrani 

Dunnifilaria 

dilli 

Orugia 

tupaia 

Brienlia 

sergenti 

Rattus  sabanus 

*  10 

4 

0 

0 

Rattus  surifer 

0 

3 

0 

0 

Rattus  koraten 
sis* 

4 

2 

0 

0 

Rattus  rattus 

1 

0 

0 

0 

Menetes  berd- 
morei 

0 

0 

0 

1 

Tupaia  glis 

0 

0 

6 

0 

*  Total  is  more  than  100%  because  both  species  of  microfilaria 
present  in  the  same  animal  in  some  cases. 
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laboratory  or  soon  after  arrival.  Blood  smears  from  twenty-nine 
of  the  animals  were  sent  to  Dr.  Mak  Joon  Wah  for  identification  of 
the  microfilaria.  The  results  of  these  identifications  are  seen 
in  Table  24. 


Periodicity  studies  were  undertaken  to  determine  the  optimum  time 
to  feed  mosquitoes  for  transmission  studies.  Microfilaria  counts 
were  performed  every  two  hours  for  twenty-four  hours  using  the 
method  of  Ramachandran  (91).  The  following  species  of  animals 
(with  the  number  of  animals  of  each  species  in  parentheses)  were 
used  in  the  periodicity  studies:  Rattus  koratensis  (2),  Rattus 
rattus  (1) ,  Rat tus  sab anus  (2) ,  Rat  tus  surifer  (l),  Menetes 
berdmorei  (1),  Tupaia  glis  (2). 


RESULTS:  Results  of  the  microfilaria  counts  of  the  periodicity 
studies  are  seen  in  Table  25.  Number  of  animals  used  in  this 
study  are  not  sufficient  to  establish  a  definite  cyclic  pattern. 
Periodicity  studies  involving  more  animals  will  be  conducted  in 
the  coming  year. 

Efforts  in  the  future  will  concentrate  on  Dunnifilaria  dilli 
and  Dunnifilaria  ramachandrani.  Studies  will  be  directed  at 
description  of  the  life  cycle  of  these  filarids  and  trials  using 
initially  Aedes  togoi  and  Aedes  albopictus  for  mosquito  infectivity 
and  transmission  studies. 

13.  Studies  on  Canine  Viral  Enteritis 


OBJECTIVES: 

1.  To  identify  and  describe  the  etiologic  agent  producing 
a  severe,  bloody,  often  fatal  diarrheal  viral  disease  of  canines 
in  the  military  working  dogs  at  the  Royal  Thai  Army  National  War 
Dog  Center  in  Pak  Chong  and  the  Royal  Thai  Navy  Military  Dog 
units  at  Sattaheep. 

2.  To  produce  Canine  Viral  Enteritis  in  susceptible,  wean¬ 
ling  dogs. 

BACKGROUND:  Parvoviruses  are  the  smallest  known  viruses  isolated 
from  humans  or  animals.  They  have  an  affinity  for  rapidly  repli¬ 
cating  cells  such  as  intestinal  epithelial  crypt  cells  and  bone 
marrow.  A  parvovirus  is  the  known  etiologic  agent  of  feline 
pan leukopenia,  a  severe,  often  fa^al  disease  of  cats  in  which  the 
epithelium  of  the  intestinal  tract  in  general  and  the  crypt  cells 
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in  particular  are  destroyed,  producing  fatal  hemorrhagic  diarrhea. 
Binn,  et  al,  first  isolated  and  characterized  viral  agents  from 
the  feces  of  asymptomatic  dogs  in  1970  (92).  These  agents, 
referred  to  as  Minute  Virus  of  Canine  measured  20  to  21  nm  in 
diameter  by  electron  microscopy,  were  present  in  the  nuclei  of 
infected  cells  where  they  sometimes  produced  intranuclear  inclu¬ 
sions,  were  resistant  to  ether,  chloroform,  and  heat  treatment, 
were  inhibited  in  their  growth  by  5-iodo-2-deoxyuridine ,  and 
caused  hemagglutination  of  rhesus  red  blood  cells  at  S°C.  These 
properties  are  consistent  with  membership  in  the  parvovirus  or 
picornavirus  group. 

The  first  report  of  parvoviruses  being  associated  with  diarrhea  in 
young  dogs  was  published  in  1977  (93) .  Parvoviruses  have  been 
associated  with  enteric  disease  in  several  species  including  cats, 
rabbits,  rodents,  and  claves  (94,  95,  96,  97,  98).  During  1978, 
several  outbreaks  of  a  severe,  hemorrhagic  diarrheal  syndrome  were 
reported  from  dogs  (99,  100).  In  each  incidence  a  parvovirus 
or  parvo-like  viral  agent  was  demonstrated  by  electronmicroscopy. 

During  1979,  a  severe,  often  fatal,  hemorrhagic  diarrhea  began 
to  appear  in  dogs  in  Thailand.  The  disease  was  particularly 
severe  in  areas  where  there  were  large  numbers  of  dogs  in  close 
contact,  i.e.,  the  larger  cities,  veterinary  hospitals,  commercial 
kennels,  and  military  and  police  dog  training  centers.  The  Royal 
Thai  Army  National  War  Dog  Center  in  Pak  Chong,  Nakorn  Ratchasima 
experienced  a  heavy  death  loss  in  their  military  working  dogs  due 
to  enteritis  from  January  to  June  1979  (Table  26).  Of  the  total 
deaths  occurring  during  this  period,  49  percent  were  due  to  some 
form  of  enteritis.  Thirty-five  of  the  deaths  were  the  result  of 
the  same  clinical  syndrome  of  vomiting,  rapid  dehydration,  and 
hemorrhagic  diarrhea.  No  treatment  appeared  to  alter  the  course  of 
the  disease.  Simultaneously,  several  dogs  stationed  with  the 
Royal  Thai  Navy  at  Sattaheep  were  stricken  with  an  identical 
illness.  In  addition,  numerous  reports  of  a  fatal  diarrheal 
disease  in  privately-owned  dogs  were  being  received  from  private 
practitioners  in  Bangkok  and  from  the  School  of  Veterinary  Medicine, 
Chulalongkorn  University. 

METHODS:  In  June,  1979,  a  team  of  AFRIMS  investigators  visited 
the  Royal  Thai  Army  National  War  Dog  Center  in  Pak  Chong  ror  the 
purpose  of  obtaining  specimens  of  blood  and  stool  from  acutely 
ill  dogs  in  an  attempt  to  isolate  and  identify  the  etiologic  agent 
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responsible  for  this  fatal  diarrheal  syndrome.  Serum  and  stool 
samples  were  obtained  from  dogs  on  five  separate  trips  to  Pak 
Chong  and  three  trips  to  the  Naval  Station  at  Sattaheep  (Table  27). 

In  addition,  several  serum  and  stool  specimens  were  collected 
from  dogs  presented  to  the  small  animal  hospital  at  the  School 
of  Veterinary  Medicine,  Chulalongkorn  University,  Bangkok,  Thailand 
and  from  private  veterinary  clinics  in  the  city  of  Bangkok*  Table  28. 

The  second  phase  of  this  study  involved  attempts  to  reproduce 
canine  viral  enteritis  in  susceptible  weanlings  puppies. 

Source  of  Parvovirus: 

One  of  the  stool  specimens  from  one  of  the  dogs  (#9717)  at  the 
Royal  Thai  Army  National  War  Dog  Center  was  positive  for  parvo-like 
virus  by  electron  microscopy  and  served  as  our  souce  of  parvovirus. 

A  two  percent  suspension  (Vol/vol)  of  this  virus  containing  stool 
was  buffered  with  one  percent  phosphate  buffer  solution  (pH  7.2) 
containing  one  percent  Bovine  Serum  Albumin  and  filtered  through 
a  0.45  U  millipore  filter.  This  served  as  the  inoculum  used  to 
infect  the  susceptible  weanling  dogs.  A  second  stool  from  a  dog 
(#4521)  positive  for  both  a  parvo-like  virus  and  an  adenovirus 
was  prepared  in  an  identical  manner  and  given  to  a  second  group 
of  susceptible  weanling  puppies.  One  puppy  from  each  group  was 
given  only  phosphate  buffered  saline  and  served  as  a  control. 

The  infected  stool  suspension  was  given  orally  in  each  instance. 

Susceptible  Weanling  Dogs: 

Twelve,  weaned,  susceptible  puppies  approximately  two  months  old 
were  obtained  from  the  municipal  dog  pound.  Din  Daeng  Road, 

Bangkok.  Six  of  the  puppies  were  given  anthelmintics  to  remove 
intestinal  nematodes  while  six  puppies  were  left  unwormed. 

Reports  in  the  literature  indicate  that  intestinal  parasites  and 
pathogenic  bacteria  affect  the  severity  of  the  disease  so  one 
group  was  left  unconditioned  (100).  Complete  blood  counts  and 
preinfection  blood  and  stool  specimens  were  collected  for  baseline 
data  on  all  dogs.  Serum  was  checked  for  the  presence  of  anti¬ 
parvovirus  antibodies.  Stools  were  checked  for  pathogenic 
bacteria  or  protozoa.  Stools  and  blood  for  antibody  titer  and 
virus  isolation  were  collected  starting  at  day  4  and  periodically 
during  the  study  according  to  Table  29.  Other  parameters  such 
body  temperature,  body  weight,  vomition,  diarrhea,  and  appetite 
were  also  followed  during  the  course  of  the  study  according  to 
the  schedule  in  Table  25. 
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Table  26 


Month 

Jan 

Feb 

Mar 

Apr 

May 

Jun 

Total 

No.  Deaths 

5 

32 

14 

5 

n 

22 

85 

■ 

15 

10 

1 

4 

12 

42 
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Table  27  Summary  of  Trips  Made  and  Types  of  Specimens  Collected 


Date 

1979 

Location  . 

Specimen 

1 

28  June 

Pak  Chong,  National  War  Dog 
Center 

Serum  and 

stool 

2 

7  July 

Pak  Chong,  National  War  Dog 
Center 

Serum  and 

stool 

3 

26  July 

Pak  Chong,  National  War  Dog 
Center 

Serum 

4 

7  August 

Pak  Chong,  National  War  Dog 
Center 

Necropsy 

5 

9  August 

Pak  Chong,  National  War  Dog 
Center 

Serum 

6 

30  July 

Naval  Station,  Sattaheep 

Serum 

7 

2  August 

Naval  Station,  Sattaheep 

Serum  and 
stool 

8  • 

14  August 

Naval  Station,  Sattaheep 

Serum 
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Table  28  Summary  of  Specimens  Collected 


Study 

Location 

Number  of  — 
Dogs  Sampled 

Number 

of  Sanples 

Paired  ?Serum 

Stool 

Necropsy 

NWD-P 

27 

26 

8 

1 

NS-S 

50 

36 

12 

0 

CU-VH 

38 

5 

5 

0 

PC-B 

8 

3 

5 

1 

NWD  -  National  War  Dog  Center,  Pak  Chong 
NS-S  -  Naval  Station,  Sattaheep 

CU-VH  -  Chulalongkom  University,  Veterinary  Hospital 


PC-B  -  Private  Clinic,  Bangkok. 


A  complete  necropsy  was  performed  on  all  animals  that  died  during 
the  study.  Specimens  from  the  ileum,  jejunum,  liver,  lung, 
kidney,  spleen  and  stool  were  frozen  at  -70°C  and  saved  for  virus 
isolation.  Likewise  specimens  from  the  ileum,  jejunum,  lung, 
liver,  kidney,  spleen  were  placed  in  2.5  percent  glutaraldehyde, 
processed  in  the  usual  manner  and  examined  fa  the  presence  of 
parvo-like  virus  particles  by  the  electron  microscope.  Tissues 
from  all  organ  systems  were  placed  in  ten  percent  buffered 
formalin  and  processed  in  the  usual  manner  for  light  microscopy. 

Dogs  still  alive  at  day  +42  of  the  study  were  euthanized  and 
their  tissues  processed  as  stated  above. 

RESULTS :  Two  of  fourteen  stools  collected  from  military  working 
dogs  at  the  Pak  Chong  War  Dog  Center  were  positive  for  parvo-like 
virus  particles  by  electron  microscopy  (#9717  and  #4521).  The 
stool  from  dog  #4521  also  was  positive  for  adenovirus  particles. 

One  hundred  and  fifty  seven  serum  specimens  from  seventy-five 
dogs  and  twenty- four  stool  specimens  from  twenty-four  dogs  were 
shipped  to  Dr.  L.N.  Binn.  Results  of  the  examination  of  these 
specimens  for  the  presence  of  antibody  or  virus  are  not  yet 
available. 

Results  of  the  study  designed  to  experimentally  reproduce 
Canine  Viral  Enteritis  in  susceptible  puppies  are  pending  the 
analysis  of  the  data. 

14.  Ecology  and  Epidemiology  of  Dengue  Viruses  in  Din 
Daeng  District,  Bangkok 

OBJECTIVES: 

1.  To  determine  the  seasonal  incidence  of  apparent  and 
inapparent  dengue  virus  infections  in  Bangkok  adults  and  children. 

2.  To  establish  the  duration  and  magnitude  of  the  antibody 
response  to  primary  and  secondary  arbovirus  infection,  including 
dengue  virus  type  1,  2,  3,  4  and  Chikungunya  virus. 

3.  To  assess  experimentally  the  ability  of  wild  Ae.  aegypti 
to  serve  as  a  vector  of  dengue  viruses  on  a  seasonal  basis. 

4.  To  determine  the  population  density  of  the  wild 

Ae.  aegypti  population  on  a  seasonal  basis  and  seasonal  availability 
and  the  utilization  of  artificial  containers  by  this  species  for 
oviposition. 
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BACKGROUND :  Epidemiological  and  ecological  investigations  have 
shown  that  dengue  viruses  are  endemic  in  Bangkok  and  that  the 
primary  vector  and  vertebrate  host  are  Aedes  aegypti  and  man, 
respectively  (101,  102).  Apparent  human  infections  occur 
throughout  the  year;  however,  a  marked  increase  in  the  incidence 
of  illness  has  been  observed  during  the  rainy  season  (June- 
September) .  Age-specific  attack  rate  data  have  placed  children 
15  years  of  age  or  less  at  greater  risk  (102).  Early  findings 
indicated  that  the  variation  in  the  incidence  of  infection  was 
related  to  the  population  density  of  Ae.  aegypti  (103),  More 
recent  data  suggest  that  the  magnitude  of  change  in  absolute 
population  size  of  Ae^  aegypti  in  Bangkok  was  not  large  enough 
to  explain  the  seasonal  fluctuations  in  the  incidence  of  apparent 
dengue  virus  infection  (104).  The  latter  investigation  was 
extended  to  consider  the  longevity  and  blood  feeding  patterns  of 
aegypti .  Data  did  not  show  seasonal  variation  in  24  hour  survival; 
however,  biting  rates  appeared  to  vary  as  indicated  by  a  marked 
decrease  during  the  cool  season  of  the  year  (105).  According  to 
the  authors,  the  decrease  in  biting  rates  and  a  possible  increase 
in  the  length  of  the  extrinsic  incubation  period  of  the  vector 
may  cause  the  decrease  in  the  incidence  of  dengue  virus  infections 
in  man  during  this  part  of  the  year. 

Estimates  of  Ae.  aegypti  population  density  employing  human 
biting  and  landing  counts,  sweep  net,  aspiration-vacuum  sweep  of 
resting  adults,  and  dipping  collections  for  larvae  and  pupae  are 
biased  by  a  number  of  individual  human  traits  dependent  on  the 
collectors  (106).  Other  collecting  techniques,  developed  to 
avoid  these  problems  include  the  pyrethrin  knockdown,  oviposition 
traps  and  the  one  larvae  per  container  techniques.  The  former 
test  is  biased  by  space,  timing,  and  sealing  problems,  and  a 
reluctance  of  the  collectors  to  work  in  the  presence  of  pyrethrin 
aerosol  spray.  The  latter  two  techniques  are  better  tools,  but, 
they  cannot  be  employed  alone  for  population  density  estimates. 

METHODS : 

Study  area:  The  study  area  for  this  investigation  was  a  section 
of  the  Din  Daeng  area  of  Bangkok.  The  area  is  circumscribed  by 
Prachasongkro  Road  on  the  north,  Soi  Charasongkhro  on  the  west. 

Din  Daeng  I  Road  on  the  east  and  Klong  Sam  Sen  on  the  south. 
Included  in  the  area  are  20  four- floor  apartment  buildings,  many 
two-three  story  shop-houses,  approximately  4  acres  of  confluent 
single  story  slum  dwellings  and  a  few  single  or  two  storey 
residential  homes.  The  total  human  population  of  the  study  area 
was  between  13,000  to  14,000. 
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Census  of  the  population  and  mapping  of  the  area:  One  hundred 
families  of  the  Din  Daeng  study  area  that  had  a  child  attending 
Phibounprachasan  School  were  randomly  selected  for  the  study. 

Each  family  was  interviewed  regarding  address,  income  level, 
occupation,  family  size,  ages,  general  health,  and  cultural  and 
behavioral  practices  possibly  related  to  disease  recognition. 
Interviews  of  the  families  and  the  mosquito  habitat  surveys  were 
conducted  concurrently  and  on  a  seasonal  basis.  The  entire  area 
was  mapped  in  regard  to  layout  of  housing,  streets  and  other 
permanent  landmarks. 

Dengue  virus  infection  of  the  human  population:  The  seasonal 
incidence  of  dengue  and  Chikimgunya  infections  was  based  on 
seroconversion  rates  determined  by  hemagglutination  inhibition 
tests  (107).  Blood  was  obtained  from  family  members  before  and 
after  each  season  of  the  year.  Overt  dengue  virus  infections 
were  determined  by  bi-weekly  visits  to  the  residence  of  each 
family  in  the  study  population.  Classification  of  apparent  and 
inapparent  infection  was  based  on  previously  defined  criteria 
(108,  109). 

Immature  mosquito  habitat  surveillance:  The  availability  and 
utilization  of  Ae.  aegypti  immature  habitats  were  determined  four 
times  (each  season  of  the  year)  between  April  78-February  79. 

In  March  79  the  frequency  of  surveys  for  immature  habitats  was 
increased  to  every  six  weeks  to  gain  more  information  for 
interpreting  aegypti  population  trends.  During  the  first  two 
surveys  in  1978,  very  little  natural  vegetation  and  no  natural 
containers  were  found  in  the  vicinity  of  the  study  residences. 
Accordingly,  the  immature  habitat  surveys  concentrated  on 
artificial  containers.  Residences  of  100  families  were  surveyed 
both  indoors  and  outdoors  to  provide  an  estimate  of  the  number  of 
potential  and  positive  aegypti  larval  habitats.  Families  leaving 
the  present  study  for  any  of  a  variety  of  reasons  were  replaced 
with  randomly  selected  families  in  the  same  study  area.  All 
artificial  containers  within  the  boundary  of  each  family  residence 
were  surveyed.  Plastic  containers,  pails,  washpans  and  other 
containers  emptied  on  a  daily  basis  were  recorded,  but  not  in¬ 
cluded  since  they  did  not  usually  provide  a  source  for  immature 
mosquitoes  and  therefore  rarely  contributed  to  the  aegypti 
population. 

Artificial  containers  defined  as  "inside'*  were  determined  on  the 
basis  of  a  roof  or  roof-like  structure  that  precluded  rain  water 
from  entering  the  container.  Containers  defined  as  "outside"  were 
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determined  on  the  basis  of  no  roof  or  roof-like  structure,  or  if 
a  roof  was  present,  it  did  not  preclude  rain  water  from  entering 
the  container.  Lids  or  covers  may  occur  on  containers  in  both 
categories.  Each  artificial  container  with  water  was  searched 
thoroughly  for  pupae  and  1st  to  4th  stage  larvae  using  a  flash¬ 
light  and  a  four  ounce  suction  syringe.  Water  from  containers 
that  could  not  be  visually  searched,  e.g.,  vases,  was  poured  into 
a  white  pan,  immature  mosquitoes  removed,  and  water  then  replaced 
in  the  original  container.  All  immature  mosquitoes  were  brought 
to  the  Laboratory,  identified,  separated  on  the  basis  of  larvae 
or  pupae,  and  then,  either  pooled  for  virus  isolation  or  discarded. 

Standardized  water  containers  (ong  jar)  were  purchased  and  one  was 
placed  in  the  residence  of  each  of  the  100  families  selected  for 
study.  These  jars  will  serve  to  provide  estimates  of  the  popula¬ 
tion  density  of  Ae.  aegypti  obtained  through  concurrent  employ¬ 
ment  of  different,  complementary  sampling  techniques.  Each 
sampling  device  is  being  designed  to  focus  on  a  certain  life 
stage,  behavioral  factor,  and/or  physiological  state  of  the 
mosquito  population.  The  sampling  methods  (traps)  described  below 
are  being  designed  to  eliminate  the  bias  of  the  human  traits  listed 
above  and  will  be  employed,  provided  preliminary  tests  show  them 
to  be  reliable  and  effective  sampling  devices. 

A  floating  larval  trap  will  be  used  to  determine  the  population 
density  of  Ae.  aegypti  larvae  and  pupae.  These  traps  are  used 
on  a  rotating  schedule  throughout  the  100  family  units  and 
collections  are  made  during  one  24  hour  period  each  week. 

Emergence  cone  traps  that  fit  over  the  mouth  of  water  jars  will 
be  used  to  determine  adult  emergence  patterns  and  densities 
during  the  year. 

An  estimate  of  the  oviposition  rate  of  Ae.  aegypti  will  be 
determined  seasonally  by  estimating  the  number  of  gravid  females. 
This  will  be  determined  by  capturing  gravid  females  in  a  specially 
designed  trap  that  captures  the  female,  but  does  not  allow  her  to 
reach  a  substrate  for  oviposition. 

Additional  sampling  for  estimating  the  adult  density  will  be 
attempted  by  using  a  suction  type  trap.  This  trap  will  be  designed 
to  sample  active  flying  adults,  or  by  attracting  them  to  a 
resting  site. 


RESULTS:  Several  aspects  of  Ae.  aegypti  biology  and  behavior, 
and  their  relationships  to  dengue  virus  transmission  were  reported 
previously  (23).  These  studies  involved:  (A)  the  extrinsic  incu- . 
bation  periods  of  dengue  viruses  104  in  aegypti;  (B)  transovarial 
transmission  of  dengue  viruses  by  aegypti;  and  (C)  the  develop¬ 
mental  periods  and  longevity  of  immatures  and  adults  of  aegypti 
under  different  conditions.  Two  of  these  studies  have  expanded 
during  this  study  period.  Consequently,  they  have  been  treated 
as  separate  studies  and  are  reported  elsewhere  in  this  report, 
i.e.,  transovarial  transmission  and  developmental  and  longevity 
studies.  Due  to  technical  problems  there  was  little  progress 
with  the  extrinsic  incubation  studies. 

Vector  competence  studies.  Experimental  studies  designed  to 
determine  the  susceptibility  of  wild  aegypti  to  infection  with 
dengue  viruses  during  the  different  seasons  of  the  year,  were 
discontinued  due  to  the  lack  of  a  reliable  method  for  infecting 
and  demonstrating  virus  transmission  by  mosquitoes.  In  addition, 
studies  could  not  be  conducted  to  determine  the  susceptibility 
of  selected  strains  of  aegypti  to  dengue  virus  infection.  The 
latter  strains  have  been  characterized  according  to  their 
isoenzyme  profiles  as  reported  elsewhere  in  this  report.  A 
hanging  drop  technique  was  employed  as  described  previously  (23), 
and  is  somewhat  similar  to  the  method  preciously  reported  (110) 
to  be  effective  for  infecting  Ae.  aegypti  with  dengue  viruses  and 
for  demonstrating  virus  transmission. 

Although  it  was  possible  to  infect  low  numbers  of  Ae.  aegypti  by 
allowing  them  to  feed  on  a  hanging  drop  of  a  dengue  virus-blood 
suspension,  the  feeding  rate  was  usually  less  than  10  percent.  Of 
the  mosquitoes  that  became  infected,  none  transmitted  detectable 
levels  of  virus  to  a  hanging  drop  of  blood  after  an  incubation 
period  of  up  to  35  days.  Attempts  to  employ  the  hanging  drop 
technique  by  others  have  resulted  in  limited  success  (111).  These 
studies  will  be  continued  provided  an  effective  technique  can  be 
developed.  Meanwhile,  eggs  of  aegypti ,  from  the  different  seasons 
of  the  year  will  be  stored,  as  well  as  eggs  of  the  different  colony 
strains  of  aegypti,  to  provide  mosquitoes  for  testing.  More 
recent  findings  (D.M.  Watts,  personal  communication)  indicate  that 
rhesus  monkeys  infected  with  dengue  viruses  may  prove  to  be  a 
suitable  host  for  infecting  aegypti. 

Adult  and  Larval  Traps.  The  development  of  various  larval  and 
adult  traps  continued  during  this  period  and  resulted  in  one  larval 
trap  and  three  adult  traps  which  consistently  yielded  many  adults 
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or  larvae  in  laboratory  tests.  An  emergence  trap  consisting  of 
a  clear  plastic  cone  (35  cm  tall)  painted  black  inside,  a  funnel 
and  a  small  clear  plastic  container,  was  designed  to  fit  snugly 
over  the  top  of  the  standardized  (28  liter)  water  jars  placed 
in  each  study  residence.  The  plastic  cone  has  a  5-4  cm  hole 
at  the  tip  which  fits  inside  a  funnel  with  a  4  cm  long  spout. 

The  funnel  spout  is  then  inserted  through  a  hole  drilled  through 
the  bottom  of  a  clear  circular  13  cm  wide  and  8  cm  deep  plastic 
container  (with  lid)  that  traps  the  mosquitoes.  This  trap  was 
placed  over  the  study  jars  containing  4th  stage  aegypti  larvae 
for  three  time  periods  in  laboratory  tests,  24,  48  and  72  hours. 
During  laboratory  tests,  the  traps  set  for  48  hours  consistently 
yielded  a  large  percentage  of  the  hatching  mosquitoes  and  kept 
a  majority  of  the  adults  alive.  The  emergence  trap  became  part 
of  the  routine  field  surveillance  program  in  the  Din  Daeng  Study 
area  in  January  1978  (see  Field  Studies). 

Another  adult  trap  was  designed  to  simulate  an  oviposition  site 
and  trap  the  females  that  entered.  This  trap  consisted  of  a 
large,  round  clear  plastic  container  (16.5  cm  diam.  x  26.5  cm  tall) 
painted  black  on  the  outside,  with  a  large  hole  cut  in  the  lid 
into  which  a  funnel  fits  snugly  (top  of  funnel  flush  with  the  lid) 
and  with  the  spout  pointing  downward  inside  the  container.  In¬ 
side  ■••his  container  a  small  clear  plastic  container  (trap  cage) 
is  attached  to  the  funnel  spout  by  inserting  the  spout  through 
a  small  hole  in  the  container  lid.  The  bottom  of  the  small  inside 
container  was  at  least  5-7  cm  above  the  bottom  of  the  large 
container  so  that  about  4  cm  of  water  (from  aegypti  positive  water 
jars)  could  be  placed  in  the  large  container.  In  addition,  the 
funnel  had  several  small  screened  panels  in  the  cone  portion  so 
that  water  vapor  from  inside  the  trap  could  be  detected  in  the 
funnel.  Female  aegypti  attracted  to  the  combination  of  black 
container-water  vapor  would  fly  down  into  the  trap  via  the  funnel 
spout  and  become  trapped  in  the  small  container  below,  because 
they  could  not  find  the  small  funnel  spout  entrance  again. 

In  laboratory  tests  with  known  numbers  of  mosquitoes,  this  trap 
worked  very  well,  and  was  found  equally  effective  for  both  sexes, 
gravid  females  and  non-gravid  females  of  Ae.  aegypti  and  Culex 
quinquefasciatus .  Based  on  the  laboratory  tests  the  trap  was 
presumed  to  be  generally  attractive  as  a  resting  site,  and  became 
part  of  the  field  studies  in  Din  Daeng  in  April  1978.  After  a 
one  month  period  in  the  field  study  residences,  however,  this  trap 
did  not  capture  a  sufficient  number  of  specimens  to  warrant  its 
continued  use.  Probable  reasons  for  this  failure  outside  the 
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laboratory  are:  (A)  low  adult  aegypti  numbers  in  the  study 
residences  (see  emergence  trap  data) ;  (B)  competition  with 

numerous  other  artificial  water  containers  in  the  study  residences 
(see  the  container  indices  for  each  type  of  residence);  and  (C) 
the  failure  of  the  black  jar  to  be  attractive  in  the  poorly  lit, 
dark  interiors  of  most  of  the  study  residences. 

The  third  trap  consisted  of  a  motorized  suction  trap  (CDC)  run  on 
four  flashlight  batteries.  The  light  source  and  lid  of  this 
standard  trap  were  removed  and  replaced  with  a  glossy  black, 
square  wooden  box  (8  cm  tall  x  19  cm  on  each  side)  with  a  hole 
in  the  bottom,  which  fit  snugly  over  the  top  of  the  plastic  frame 
of  the  CDC  trap.  Along  each  of  the  four  sides  of  the  black  box 
there  was  a  single  narrow  (10-15  mm)  air  vent  through  which  air 
was  drawn  by  the  trap  motor.  The  trap  was  designed  so  that 
adult  aegypti  would  be  attracted  to  the  shiny  black  box  and  sucked 
through  the  lateral  vents  down  into  the  standard  net  bag  below  the 
trap.  In  consecutive  24  hour  (1200  to  1200)  laboratory  tests 
this  trap  consistently  captured  large  numbers  of  adults, 
particularly  male  aegypti.  After  many  laboratory  trials,  this 
trap  was  integrated  into  the  field  studies  in  Din  Daeng  in  April 
1979.  However,  as  with  the  above  resting  trap,  the  number  of 
adults  captured  during  a  nine  month  field  trial  was  too  small  to 
warrant  its  continued  use.  Bes’de  low  adult  aegypti  numbers  in 
the  study  residences  and  the  failure  of  the  black  box  to  attract 
adults  in  the  dimly  lit  interiors,  other  problems  were  encountered. 
The  large  size  of  the  trap  in  the  very  small  (one  room)  residences 
caused  some  discomfort  to  the  residents.  In  addition,  finding  a 
means  to  suspend  the  trap  caused  difficulties  in  some  residences. 
This  trap  uniformly  caught  a  fair  number  of  Cul ex  quinquef asciatus 
in  the  study  residences;  however,  a  standard  CDC  trap  with  light, 
probably  would  have  caught  many  more  adults  of  this  latter  species. 

During  the  last  reporting  period  a  very  efficient  floating  larval 
trap  was  designed  and  tested  in  the  laboratory  (23).  This  trap 
will  float  in  any  water  container  holding  10  cm  or  more  water  and 
is  ideally  suited  for  trapping  in  the  ceramic  water  jars,  cement 
bath  tanks  and  metal  drums  which  are  used  to  store  water  in  the 
tropics.  The  trap  keeps  the  larvae/pupae  ali-'e  -.aring  a  24  hour 
trapping  period,  is  very  stable,  quickly  returning  to  an  upright 
position  if  turned  over,  and  floats  randomly  on  the  water  surface, 
eliminating  the  human  bias  of  collecting  only  in  concentrations 
of  larvae. 

luring  this  reporting  period  laboratory  tests  with  the  larval 
trap  were  concluded  and  this  *",~ap  was  integrated  into  the  Ding 
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Daeng  field  studies  in  January  1979  (see  Field  Studies). 


FIELD  STUDIES:  Dengue  virus  infection  of  the  human  population. 

The  prevalence  of  antibody  to  dengue  virus  in  those  families 
resident  in  high-rise  apartments  (flats)  differed  from  those 
families  living  in  shop  houses  or  the  slums.  There  was  no 
observed  difference  in  the  last  two  and  they  have  been  combined 
for  purposes  of  this  report.  Figures  6  and  7  present  the  1978 
pre-dengue  season  prevalence  of  antibody  against  dengue  viruses 
and  Chikungunya  virus,  respectively.  While  the  prevalence  of  anti- 
Chikungunya  antibody  varied  only  slightly  by  dwelling  type, 
housing  appeared  to  have  a  noticeable  effect  on  dengue  antibody 
in  children.  Regardless  of  housing,  dengue  antibody  prevalence 
approached  100  percent  by  age  20. 

Figures  8  and  9  present  the  incidence  of  dengue  virus  infection 
in  Din  Daeng  residents.  Figure  8 represents  only  those  individuals 
who  did  not  have  evidence  of  antibody  prior  to  the  start  of  the 
period  under  examination.  Twenty-six  primary  seroconversions  were 
documented  during  the  early  rainy  season  (June- Sept ember  1978)  and 
eight  were  observed  during  the  late  rainy-early  cool  season 
(September  1978-January  1979).  The  incidence  between  housing  types 
was  not  statistically  significant,  but  the  difference  in  antibody 
acquisition  between  the  two  periods  was  noticeable  (X^  =  5.98, 
p<  0.02).  Figure  9  presents  the  data  for  the  same  periods  in 
individuals  who  had  previously  exhibited  an  antibody  titer  to  one 
or  more  dengue  types.  In  contrast  to  primary  infections,  the 
seco’  .'try  type  response  was  not  different  between  the  two  periods. 
Shop  and  slum  housing  accounted  for  significantly  more  secondary 
infections  in  the  late  rainy  season  than  did  the  flats  (X“  =  15.96, 
p<  0.005).  This  was  the  only  subgroup  in  which  housing  type  was 
associated  with  a  difference  in  the  incidence  of  dengue  infection. 

Artificial  container  surveillance.  Investigations  of  the  seasonal 
availability  and  utilization  of  artificial  containers  by  Ae. 
aegypti  in  the  Din  Daeng  study  area  were  initiated  in  April  1978 
(23)  and  have  continued  to  the  present.  The  percentage  and 
frequency  of  potential  artificial  containers  with  water  are  shown 
in  Figure  10.  The  percentage  of  containers  with  water  inside 
residences  ranged  from  69.5  to  84.6  percent,  while  the  containers 
with  water  outside  residences  ranged  from  94.6  to  100.00  percent, 
except  for  the  initial  survey  when  it  was  61.2  percent.  However, 
during  each  survey  the  frequency  of  inside  containers  with  water 
was  six  times  greater  than  the  frequency  of  outside  containers 
with  water.  The  low  number  of  outside  artificial  containers  with 
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water  at  the  study  residences  was  probably  due  to:  (A)  the 
limited  space  at  most  residences,  leaving  little  room  for  more 
than  a  dwelling;  and  (B)  the  structural  design  of  the  high-rise 
flats.  Outside  containers  were  mostly  confined  to  the  slum 
residences,  with  a  few  located  in  the  shop  residences.  High- 
rise  flats  (approximately  50%  of  the  total  residences  surveyed) 
because  of  vertical  design,  did  not  have  outside  space  for 
outside  containers. 

The  frequency  and  percentage  of  artificial  containers  positive 
for  aegypti  are  shown  in  Figure  11.  The  percentage  of  artificial 
containers  positive  for  aegypti  was  higher  outside  than  inside 
residences  during  all  trapping  periods.  However,  since  slum 
residences  contribute  the  majority  of  outside  containers,  this 
phenomenon  appears  to  be  based  on  residence-type  rather  than 
outside  versus  inside  containers. 

Although  inconclusive  at  this  time,  the  data  indicate  that  the 
mosquito  population  density,  in  terms  of  number  of  positive 
containers,  is  influenced  by  both  mean  monthly  temperature  and 
precipitation  (Figure  12) .  It  appears  that  changes  in  the 
percentage  and  frequency  of  artificial  containers  positive  for 
Ae.  aegypti  are  reflections  of  changes  in  the  mean  monthly 
temperatures,  i.e.,  with  increases  in  the  mean  monthly  temperature 
there  are  observed  increases  in  the  number  of  positive  artificial 
containers,  and  conversely,  decreases  in  the  mean  monthly 
temperature  result  in  lower  numbers  of  positive  artificial 
containers. 

Increases  in  the  percentage  and  frequency  of  positive  containers 
are  also  associated  with  periods  of  increased  precipitation,  i.e., 
during  the  rainy  season.  It  appears  that  the  mosquito  population 
density,  as  determined  by  frequency  of  positive  aritifical 
containers,  is  first  influenced  by  increases  in  the  mean  monthly 
temperature,  beginning  with  the  hot  dry  season.  With  the  end  of 
the  hot  dry  season  and  the  beginning  of  the  rainy  season,  the 
frequency  of  positive  artificial  containers  continued  to  increase. 
However,  near  the  end  of  the  rainy  season  and  the  beginning  of 
the  cool  dry  season,  a  decrease  in  the  frequency  of  positive 
containers  was  observed.  The  observed  changes  in  percent  of 
positive  containers  outside  residences  are  more  noticeable  than 
for  containers  inside  residences,  whereas  changes  in  frequency 
are  much  smaller.  This  difference  is  primarily  due  to  the  limited 
numbers  of  artificial  containers  outside  the  study  residences. 
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Outside  containers,  with  the  exception  of  ong  jars,  are  also 
dependent  upon  rain  as  a  water  source.  However  most  of  the 
outside  containers  were  ong  jars  and  were  filled  by  rain  and/or 
tap  water. 

The  frequency  and  percentage  of  different  types  of  containers 
positive  for  aegypti  inside  and  outside  study  residences  are 
summarized  in  Table  30.  Three  major  types  of  artificial  containers 
(ong  jars,  bath  and  foot  basin,  and  ant-traps)  were  found  to  be 
the  primary  habitats  for  immature  aegypti.  A  fourth  type,  flower 
vase/base,  although  relatively  abundant,  was  positive  infrequently 
(<  3.3  percent) . 

Containers  classified  as  "others",  although  included,  were  not 
considered  to  be  a  major  contributing  factor  primarily  because  of 
their  small  numbers  and  their  very  low  positive  rate.  Slum 
residences  are  almost  totally  responsible  for  all  "other"  containers. 
Most  slum  residences  have  a  small  area  adjacent  to  the  house  where 
small  children  play  or  water  containers  are  stored,  and  occasional 
"other"  containers  are  stored  or  discarded. 

Comparing  all  of  the  containers,  a  higher  percentage  of  ant  traps 
were  positive,  ranging  from  20.8  to  52.5  percent  for  all  trapping 
periods.  Ong  jars  and  bath  and  foot  basins  were  next,  ranging 
from  13.1  to  39.1  and  9.8  to  32.5  percent  respectively  (Figure  13). 
Although  bath  and  foot  basins  and  ant  traps,  when  present,  were 
frequently  observed  to  be  positive,  they  were  limited  in  number 
and  in  the  case  of  bath  and  foot  basin,  were  almost  entirely 
restricted  to  high-rise  flats  and  shop  residences.  For  this 
reason,  it  became  necessary  to  obtain  a  "positive  container  index" 
for  the  different  types  of  residences,  i.e.,  the  number  of  positive 
containers  per  residence.  This  provides  a  more  reliable  index 
in  evaluating  seasonal  population  changes  and  an  estimation  of  the 
type  of  containers  most  responsible  for  changes  in  the  seasonal 
abundance  of  aegypti  (Tables  31,32,33  and  34). Overall,  ong  jars 
are  more  frequently  observed  positive  than  all  other  containers 
combined  (0.31  to  1.94).  Ant  traps  and  bath  and  foot  basins 
follow,  ranging  from  0.12  to  0.33  and  0.05  to  0.13,  respectively 
(Figure  14). 

The  high-rise  flat  residences,  in  general,  have  a  very  low  positive 
container  index  when  compared  to  the  other  type  residences.  The 
containers  most  frequently  positive  were  ong  jars,  with  bath  and 
foot  tanks,  ant  traps  and  flower  vases/bases  positive  only 
occasionally  (Figure  15)-  Of  the  three  types  of  study  residences, 
slum  residences  had  the  highest  positive  container  index  (Figure  if). 
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Ong  jars  accounted  for  the  majority  of  positive  containers,  while 
the  remainder  of  positive  containers  were  primarily  ant  traps. 

Bath  and  foot  tanks  were  infrequent  in  the  slum  residences  and 
infrequently  positive.  Shop  residences,  unlike  slum  residences, 
do  not  have  one  type  of  container  accounting  for  the  majority  of 
all  positive  containers  (Figure  17’1 .  Also  shop  residences  were 
the  only  type  residence  where  there  was  a  significant  number  of 
positive  flower  vase/bases. 

Changes  in  the  mean  number  of  different  types  of  containers 
infested  with  Ae.  aegypti  were  similar,  in  most  cases,  to  the 
total  seasonal  fluctuation  in  positive  inside  and  outside  containers. 
Ong  jars,  because  of  their  greater  numbers  and  common  use  in  all 
three  residence  types,  appear  to  provide  a  better  index  of 
mosquito  population  density  changes  in  relation  to  frequency  of 
positive  containers.  However,  a  more  in  depth  evaluation  of 
mosquito  population  changes  can  be  provided  for  shop  residences, 
when  ong  jars,  ant  traps  and  bath  and  foot  basins  are  included 
in  a  surveillance  program. 

Percent  seasonal  changes  in  the  study  residences  having  different 
types  of  containers  positive  for  aegypti  are  summarized  in  Table  35. 
The  percentage  of  all  study  residences  positive  (Figure  19  is 
directly  associated  with  changes  in  the  mean  number  of  positive 
containers.  The  percentage  of  high-rise  flat  residences  positive 
for  aegypti  varied  from  4.2  to  26.5  percent  for  all  surveys  and 
was  very  small  when  compared  with  shop  and  slum  residences.  The 
percentage  of  shop  and  slum  residences  positive  for  aegypti  were 
similar,  varying  from  45.0  to  88.2  and  51.6  to  84.4  percent 
respectively.  Although  the  total  percentage  of  positive  shop 
and  slum  residences  were  nearly  the  same  for  each  trapping  period, 
the  type  of  container  which  contributed  to  the  residences  being 
positive  varied.  Ong  jars  were  almost  totally  responsible  for 
slum  residences  being  positive,  with  bath  tanks  accounting  for 
less  than  seven  percent  and  ant  traps  for  less  than  17  percent 
during  any  one  trapping  period.  In  general,  if  a  slum  residence 
had  positive  bath  tanks  and/or  ant  traps,  it  also  had  at  least 
one  positive  ong  jar.  Although  ong  jars  play  a  major  role  in  shop 
residences  being  positive,  they  were  responsible  for  more  than 
50  percent  of  shop  residences  being  positive  on  only  three  occa¬ 
sions.  Positive  bath  tanks  were  especially  prevalent  (15.0- 
52.6  oercent)  in  shop  houses,  while  ant  traps  and  flower  vases  were 
positive  between  20-35  percent  of  the  time. 
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Figures  19,20,21  and  22  illustrate  the  uneven  distribution  of 
the  different  types  of  positive  containers  in  the  three  types  of 
residences.  Slum  houses  were  more  frequently  positive  for  ong  jars 
than  either  shop  or  high-rise  flat  residences  (Figure  19  ) ,  while 
shop  residences  were  more  frequently  positive  for  bath  and  foot 
tanks  and  flower  vases  (Figures  20  and 21. ).  There  was  no  obvious 
differences  in  the  number  of  positive  ant  traps  between  the  slum 
and  shop  residences  (Figure22  ).  Apparently,  the  primary 
difference  between  high-rise  flats  and  shop  residences  was  their 
respective  accessibility  to  the  mosquitoes.  Both  shops  and  flat 
residences  had  similar  types  and  quantities  of  artificial 
containers.  However,  shops  were  open,  and  on  ground  level,  allowing 
easy  access  for  adult  aegypti ,  while  the  four  story  high-rise 
flats  usually  had  screened  windows  and  occasionally  screened 
doors,  and  had  the  entry  way  at  least  one  story  above  ground  level. 

Mosquito  population  density  surveillance.  Originally,  mosquito 
density  estimates  were  going  to  be  based  on  the  results  of  four 
trapping  programs,  i.e.  ,  larval  trap,  emergence  trap,  black 
resting  trap  and  the  black  box-suction  trap.  These  traps  were  all 
developed  and  laboratory  tested,  with  good  to  excellent  results, 
by  early  1979.  However,  as  discussed  in  the  laboratory  studies 
section,  only  a  few  adult  aegypti  were  collected  by  the  black 
resting  trap  and  the  black  box-suction  trap  after  a  one  month  test 
in  the  study  residences.  Accordingly,  surveillance  with  these 
two  traps  was  discontinued.  The  larval  and  emergence  traps  have 
been  monitoring  aegypti  population  densities  since  January  1979. 
Since  routine  container  surveillance  determines  the  prevalence 
of  positive  jars,  the  larval  and  emergence  traps  were  set  only  in/ 
on  ong  (water)  jars  that  contained  larvae  or  pupae.  By  this  means 
data  were  accumulated  on  changes  in  the  abundance  of  aegypti  in 
known  positive  containers.  The  data  for  the  larval  and  emergence 
traps  are  presented  separately  below. 

Emergence  trap  surveillance.  A  uniform  sized  water  container  was 
selected  to  provide  a  standardized  immature  habitat  for  estimating 
the  population  densities  of  both  emerging  adults  and  immatures  of 
aegypti,  and  to  facilitate  the  use  cf  uniform  sized  traps, 
particularly  the  larger  emergence  trap.  Accordingly,  a  standar¬ 
dized  ceramic  water  jar  (AFRIMS  ong  jar:  40  cm  x  30  cm, 
approximately  28  liter  volume)  was  placed  in  each  residence  of 
the  100  families  involved  in  the  study.  New  randomly  selected 
families  replacing  departing  families  were  also  provided  with  an 
AFRIMS  jar.  Broken  or  lost  AFRIMS  jars  were  replaced  with  new 
jars. 
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The  schedule  for  setting  the  emergence  traps  each  trapping  period 
always  preceded  the  larval  trapping  period.  Using  this  schedule, 
the  highly  efficient  larval  traps  did  not  have  a  detrimental 
effect  on  the  adult  aegypti  emergence  rates. 

Four  trapping  periods  have  been  completed  and  the  results 
tabulated  (Table  36)  Emergence  traps  were  set  for  approximately 
48  hours,  and  only  on  aegypti  positive  AFRIMS  jars.  The  actual 
trapping  time  ranged  from  43.8  to  53.8  hours,' with  a  mean  of 
47.9  hours.  The  prevalence  of  aegypti  positive  AFRIMS  jars  during 
any  one  survey  was  consistently  low.  Accordingly,  only  a  £ew 
emergence  traps  were  set  each  trapping  period  and  the  results  are 
inconclusive.  However,  the  data  indicate  a  trend  of  increased 
emergence  associated  with  rising  mean  monthly  temperatures,  which 
also  continues  to  increase  after  the  onset  of  the  rainy  season. 

Male :  female  ratios  of  adult  aegypti  captured  in  the  emergence 
traps  ranged  from  1:0.7  to  1:1.4  for  the  different  trapping 
periods.  The  average  male: female  ratio  for  the  four  trapping 
periods  was  1:1.  Data  are  currently  insufficient  for  indicating 
seasonal  male:female  ratios. 

Larval  trap  surveillance.  Surveillance  of  immature  mosquitoes  by 
a  larval  trap  was  initiated  January  1979,  and  five  trapping  periods 
have  been  completed.  This  trap  was  designed  to  provide  an  un¬ 
biased  estimate  of  immature  mosquito  population  densities,  and  to 
assess  possible  seasonal  differences  in  aegypti  abundance.  Ong 
(water)  jars,  including  AFRIMS  ong  jars,  were  trapped  in  all  three 
categories  of  residences,  i.e.,  high-rise  flats,  shops  and  slums. 

Ong  jars  were  selected  as  the  source  of  surveillance  primarily 
because  of:  (A)  a  large  numbers  of  ong  jars  in  the  study  area; 

(B)  previous  surveys  demonstrated  a  large  percentage  of  the  jars 
were  positive;  (C)  their  abundance  in  all  of  the  types  of  study 
residences  surveyed;  and  (D)  physical  limiting  factors  of  the  trap 
design,  primarily  its  size  (13  cm  diam.  x  i  3  cm  tall).  All  ong  jars 
with  water  were  surveyed  in  the  study  residences.  Larval  traps 
were  set  only  in  ong  jars  with  observed  immature  mosquitoes,  and 
removed  approximately  24  hours  later. 

The  actual  range  and  mean  of  total  time  for  completed  larval  trap 
surveys  were  17.9  to  28.8  hours  and  23.6  hours,  respectively. 
Immature  mosquitoes  captured  in  the  larval  traps  were  separated  as 
pupae  or  larvae,  identified  and  recorded.  Larval  trap  surveillance 
will  continue  into  1980. 

The  positive  jar  index  (Figure  23)  more  accurately  reflects  the 
actual  aegypti  positive  jar  rate  per  type  of  residence  than  the 
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percentage  of  positive  ong  jars  per  type  of  residence.  This  is  due 
to  a  disparity  in  the  average  number  of  ong  jars  per  residence, 
per  type  of  residence  (high-rise  flat  2.3,  shop  2.7,  slum  4.9). 

The  tabulated  data  also  indicate  that  the  percentage  of  ong  jars 
positive  for  aegypti  increases  following  the  onset  of  increased 
amounts  of  precipitation  (Figures  12and  24).  Although  all  three 
types  of  residences  demonstrated  an  increase  in  positive  ong  jars 
following  the  onset  of  periods  of  increased  precipitation  the 
slum  residences  had  the  greatest  increase,  while  the  high-rise 
flat  residences  had  the  smallest. 

The  average  number  of  larvae,  pupae  and  combined  total^  of  immature 
mosquitoes  per  sampled1 2  ong  jar  for  the  study  residences  are 
summarized  in  Table  37.  More  trapping  is  required  to  get  a  better 
perspective  of  the  cyclic  nature  of  immature  aegypti  populations 
in  relation  to  mean  monthly  temperature  and  precipitation.  However, 
the  data  accrued  to  date,  indicate  that  the  average  number  of 
mosquitoes  per  sampled  ong  jar  increases  with  the  beginning  of  the 
hot  season  and  even  further  after  the  onset  of  rainy  periods.  The 
frequency  of  immature  aegypti  trapped  per  sampled  ong  jar  ranged 
from  0  to  512,  with  less  than  five  percent  of  the  jars  negative. 

The  high-rise  flats  had  the  highest  average  number  of  immature 
aegypti  per  positive  ong  jar  (positive  ong  jar  index),  while  the 
slums  had  the  lowest  number.  However,  the  reverse  is  true  when 
comparing  the  total  number  of  ong  jars  with  water,  i.e.,  the  slums 
had  the  highest  average  numbers  of  immature  aegypti  per  ong  jar 
(ong  jar  index)  while  the  high-rise  flats  had  the  lowest.  The 
relationships  of  mean  monthly  temperature  and  precipitation  to  the 
number  of  pupae  as  compared  to  the  numbers  of  larvae  are  currently 
inconclusive. 

Similar  mosquito  density-meteorological  relationships  although 
less  conclusive,  were  also  demonstrated  for  the  seasonal  frequency 
and  percent  of  different  types  of  study  residences  with  ong  jars 
infested  with  immature  aegypti.  The  slums  demonstrated  the  highest 
percentage  of  positive  residences  (76.5-83.3  percent),  while  the 
high-rise  flats  had  the  lowest  percentage  positive  residences  (4.2- 
16.7  percent).  The  shop  residences  were  intermediate  and  ranged 
from  41.2-50.0  percent  positive  for  all  five  trapping  periods.  The 


1  Larvae  and  pupae  not  separated  for  first  two  trapping  phases. 

2  Occasionally  we  were  not  allowed  trapping  access  to  positive  jars. 


1159 


TABLE  3QFrequency  and  percentage  of  inside  and  outside  containers  with  water  positive  for 
immature  Aedes  aegypti  in  study  residences  by  surveys.  Din  Daeng,  Bangkok.,  Thailand 
1978-79. 
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Plastic  containers,  pails,  wash  pans  and  other  containers  emptied  on  a  daily  basis  not 
included. 


TABLt  31  Positive  container  index 
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TABLE  32  Positive  container  index  for  immature  Aedes  aegypti  per  high-rise  flat  (inside^Din  Daeng, 
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Plastic  containers,  pails,  wash  pans  and  other  artificial  containers  emptied  on 
not  included. 


TABLE  34  Positive  container  index  Cor  immature  Aedes  aegypti  per  slum  residence  (outside- inside) 
Din  Daeng,  Bangkok,  Thailand  (1978-79) 
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TABLE  35  Percent  seasonal  changes  In  study  residences  having  different  types  of  containers 
positive  for  Aedes  aegypti,  Din  Daeng,  Bangkok,  Thailand,  1978-79. 
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Table  37  LARVAL  TRAP:  Average  number  of  immature  Aedes  aegypti  per  positive  ong  (water)  jar 
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Only  includes  slum  &  shop  study  residences. 


FIG.  9  INCIDENCE  OF  DENGUE  TITER  ELEVATION  IN  PREV'OUSLY  INFECTED  INDIVIDUALS 

DIN  DAENG,  BANGKOK  THAILAND. 
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PERCENT  ARTIFICIAL  CONTAINERS  WITH  WATER 
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Figure  10  Percentoge  of  artificial  water  containers1  with  water  in  study  residences, 
Din  Daeng,  Bangkok,  Thailand  (1978-1979). 

1  Plastic  containers,  pails,  wash  pans  and  other  artificial  containers  emptied 
on  a  daily  basis  not  included. 
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PERCENT  CONTAINERS  WITH  WATER  POSITIVE  FOR  Aede«  oegypti 
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Figure  11  Percent  artificial  containers'  with  wottr  poittiva  for  imir.otura  Aedes  oegypti 

inside  and  outside  residences  by  seasons,  Din  Doeng,  Bongkok,  Thailand  (1978-1979). 

1  Plastic  containers,  pails,  wash  pans,  ond  other  artificial  containers  emptied  on  o 
daily  bosis  not  included. 
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PRECIPITATION  (mm  ) 
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Includes  other  containers 


containers  positive  tar  immoture  Aedes  oeqypti  per  high-rise  f’ot  (inside).  Dm  Doeng.  Bangkok.  Thailand  (1978-  79) 


immoture  Aedes  oeqypti  per  slum  rest derce  (outside  &  inside).  Dm  Ooeng.  Bangkok.  Thailand  (1978-79) 
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Dm  Doeng,  Bangkok,  Thailand  (1978—79) 


Figure  23  LARVAL  TRAP  Mean  number  of  positive  ong  (water)  jars  per  residences  trapped  with  water  for 

different  study  residences.  Dm  Daeng,  Bangkok,  Thailand  (1979) 


*°IJ  LJ  Lqoi 


1186 


►  sidences,  Din  Doeng,  Bangkok.  Thailand  (1979) 


Figure  25  LARVAL  TRAP  Percent  study  residences  with  positive  ong  (water)  jars  that  were  trapped  for 

immature  mosquitoes.  Din  Daeng,  Bangkok,  Thoiland  (1979) 


percentage  of  all  residences  positive  for  immature  aegypti 
demonstrated  very  little  change  and  only  increased  following 
heavy  periods  of  precipitation  (Figures  12  and  25  ) . 

These  studies  are  continuing. 

15.  A  Serological  Survey  for  Togaviruses  [Arboviruses) 
in  a  Well  Defined  Rural  Thai  Population 


OBJECTIVE :  To  study  the  seroepidemiology  of  togavirus  (arbovirus) 
infections  in  a  well  defined  rural  Thai  population. 

BACKGROUND :  As  reported  previously  (112)  sera  were  collected  in 
1975-6  from  a  relatively  isolated  rural  village  in  central  Thailand 
in  conjunction  with  a  malaria  chemosuppressive  trial.  In  order  to 
assess  the  extent  to  which  a  rural  population  is  subject  to  dengue 
infections,  these  sera  were  tested.  This  report  concludes  that 
study. 

METHODS :  The  methods  used  for  this  study  are  outlined  elsewhere 
in  this  report  (A  Longitudinal  Serologic  Study  of  a  Bangkok  School 
Population) . 

RESULTS :  Of  the  total  population  of' 1024  people  in  this  village, 
sera  from  638  individuals  were  tested.  The  distribution  of  the 
antibody  against  alphaviruses  and  flaviviruses  are  presented  in 
Tables 38  and 39  respectively. 

Because  of  the  antigenic  similarily  between  dengue  viruses  and 
Japanese  B  encephalitis  virus  (JEV) ,  cross -reacting  antibody  to 
both  viruses  is  common  following  a  dengue  infection;  however,  very 
low-titered  or  no  dengue  antibody  is  formed  following  a  primary 
JEV  infection.  Of  the  563  flavivirus  positive  individuals,  only  24 
(4  percent)  had  either  an  isolated  JEV  titer  or  a  JEV  titer  at 
least  four  times  greater  than  the  highest  dengue  titer.  Because 
of  the  small  number  of  JEV  identifiable  infections  and  their 
apparent  lack  of  clustering,  the  prevalence  of  antibodies  against 
dengue  virus  and  JEV  were  combined  in  Table  39. 

Since  many  of  the  serum  specimens  had  been  previously  examined 
for  the  presence  of  hepatitis  B  virus  (HBV)  antigen  and  antibody 
(113),  the  association  between  these  markers  of  previous  HBV 
infection  and  markers  of  togoviral  infection  was  examined.  As 
can  be  seen  in  Table  4Q  the  probability  that  the  associations  noted 
for  HBV  and  JEV  and  alphavirus  are  dut  to  chance  alone  is  very 
small. 
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TABLE  .39 


TOTAL 

Flavi virus 
antibody 

20.0 

46.9 

84.2 

81.8 

75.6 

88.6 

95.4 

96.3 

97.3 

100.0 

94.6 

1 

No. 

1 

15 

48 

54 

31 

93 

63 

104 

73 

46 

35 

563 

No. 

tested 

5 

32 

57 

66 

41 

105 

66 

108 

75 

46 

37 

638 

FEMALE 

Flavi virus 
antibody 

<N! 

53.3 

88.6 

84.6 

73.3 

91.7 

97.1 

94.0 

97.9 

100.0 

95.4 

i 

No. 

_ 

0 

8 

31 

33 

11 

55 

33 

63 

45 

22 

21 

322 

No. 

tested 

3 

15 

35 

39 

15 

60 

34 

67 

46 

22 

22 

358 

MALE 

Flavi virus 
antibody 

6>S 

50.0 

41.2 

77.2 

77.7 

76.9 

84.4 

93.7 

100.0 

96.5 

100.0 

93.4 

l 

No. 

1 

7 

17 

21 

20 

38 

30 

41 

28 

24 

14 

1— 1 

CNl 

No. 

tes  ted 

«vir^fsir^vomcvjHCT\'J),in 

HCNCS<S<tn-vl-(M<NH 

280 

Age 

<1 

2-3 

4-5 

6-7 

8-9 

10-14 

15-19 

20-29 

30-39 

40-49 

>_50 

Total 
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TABLE  41 


RELATIVE 

ENCEPHALITIS 


RISK  OF  CONCURRENT  EVIDENCE  OF  JAPANESE  B 
VIRUS  EXPOSURE  AND  HEPATITIS  B  VIRUS  EXPOSURE 


Age 

Sex 

Hepatitis 

exposure 

JEV  Exposure 

* 

RR 

+ 

- 

<10 

F 

+ 

17 

12 

1.20 

- 

45 

47 

M 

+ 

14 

12 

1.08 

- 

42 

42 

>10 

F 

+ 

97 

9 

1.01 

- 

119 

12 

M 

+ 

94 

6 

1.04 

- 

63 

7 

* 

RR 


for: 


* 

RR  = 


all  males  1.26  all  <10  1.14 

all  females  1.14  all  >10  1,02 

all  villagers  3.19 


Relative  Risk 


( 


TABLE  42 

RELATIVE  RISK  OF  CONCURRENT  EVIDENCE  OF  ALPHAVIRUS 
EXPOSURE  AND  HEPATITIS  B  VIRUS  EXPOSURE 


Age 

Sex 

Hepatitis 

Alphavirus  exposure 

* 

RR 

exposure 

4* 

- 

<10 

F 

+ 

3 

26 

2.38 

- 

4 

88 

M 

+ 

5 

21 

3.23 

- 

5 

79 

>10 

F 

+ 

68 

1.38 

- 

97 

M 

+ 

40 

60 

1.12 

- 

25 

45 

* 

RR  for:  all  males  1.83 
all  females  1.78 
all  villagers  1.83 

RR  =*  Relative  Risk 


all  <10 
all  >10 


2.84 

1.29 


( 
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(The  majority  of  'JEV  antibody"  identified  in  Table  40  is  probably 
non-specific  antibody  formed  in  response  to  a  previous  dengue 
infection,  particularly  dengue  type  IV).  These  associations  appear 
to  be  age  and  sex  dependent.  Children,  10  years  of  age  and  under 
who  had  previously  been  infected  with  HBV,  are  at  higher  risk  of 
concurrent  evidence  of  togoviral  infection  then  their  non-HBV 
infected  contemporaries.  This  increased  risk  appears  to  remain 
for  life,  but  becomes  diluted  to  some  extent  as  a  greater  propor¬ 
tion  of  the  entire  population  becomes  infected  with  various  togo¬ 
viral  agents.  Tables  41  and  42present  the  relative  risk  patterns 
of  "JEV  antibody"  and  alphaviral  antibody  respectively. 

A  manuscript  of  this  (completed)  project  has  been  submitted  for 
clearance. 


16.  A  Longitudinal  Serologic  Study  of  A  Bangkok  School 
Population 

OBJECTIVES: 

1.  To  describe  the  prevalence  of  serologic  evidence  of 
previous  togoviral  and  hepatitis  B  viral  infections  in  a  susceptible 
school  population. 

2.  To  determine  the  incidence  of  clinical  and  subclinical 
infections  with  the  above  agents  during  the  "disease  season"  and 
during  the  period  of  the  year  without  a  large  amount  of  clinical 
illness . 


3.  To  investigate  socioeconomic  parameters  possibly  related 
to  infection  occurrence. 

BACKGROUND:  Togoviral  Infections:  Pre  and  post-dengue  transmission 
season  blood  samples,  taken  June  1977  and  January  1978,  indicated 
that  approximately  16  percent  of  the  children  at  Phibunprachasan 
School  experienced  an  infection  with  either  a  alphaviral  or 
f laviviral  togoviral  agent  during  the  1977  "dengue  season".  Of  824 
students  who  were  seronegative  for  any  flaviviral  agent,  107 
(13.0  percent)  sustained  a  primary  type  titer  rise.  Of  the  1055 
students  with  at  least,  a  1:20  titer  to  one  or  more  of  the  flavi- 
viruses  prior  to  the  "dengue  season",  176  (16.7  percent)  sustained 
at  least  one  fourfold  or  greater  titer  rise  bwteen  the  June  1977 
and  January  1978  blood  specimens.  The  corresponding  values  for 
alphaviral  agents  were  24  primary  responses  out  of  1540  susceptibles 
(1.6  percent)  and  10  infections  out  of  the  349  students  with  pre¬ 
existing  antibody  (2.9  percent). 
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A  minority  of  cases,  clinically  diagnosed  as  having  hemorrhagic 
fever  during  the  course  of  the  school  year,  actually  sero- 
converted  between  the  seasonal  blood  samples  (6/16). 

During  the  "dengue  season"  of  1977  (approximately  June  to  December), 
Bangkok  sustained  the  highest  number  of  hospitalized  dengue 
hemorrhagic  fever  (DHF)  cases  recorded  in  Thailand  (500-700/month) 
in  seven  years.  In  the  following  non-epidemic  period,  the 
number  of  cases  fell  to  the  usual  non-epidemic  level  of  less  than 
100  cases/month.  During  the  subsequent  "dengue  season"  beginning 
June  1978,  the  monthly  total  of  hospitalized  Bangkok  patients 
never  exceeded  200/month,  and  there  were  relatively  few  cases 
overall  during  that  "dengue  season". 

METHODS :  Study  Design:  Subsequent  blood  samples  were  collected 
from  this  population  in  June  1978  and  January  and  June  1979.  The 
June  samples  were  taken  from  all  children  remaining  at 
Philbunprachasan  School  from  the  original  1988  children  enrolled 
in  the  study  in  June  1977.  The  January  sample  was  only  drawn 
on  those  children  who  were  seronegative  in  the  first  three  blood 
samples. 

All  blood  samples  obtained  were  tested  for  dengue,  types  I -IV, 
Japanese  encephalitis  virus  and  alphavirus  antibodies  by  hemagglu¬ 
tination-inhibition  (HI).  Chikungunya  virus  antigen  was  used  to 
test  for  anti-alphaviral  antibodies.  A  sample  of  the  positive 
and  negative  sera  was  chosen  and  tested  by  a  microtiter  neutraliza¬ 
tion  test  for  dengue,  types  I -IV  and  Japanese  encephalitis  virus. 

Definitions:  Primary  dengue  infection:  The  acquisition  of  one 
or  more  type  specific  dengue  HI  antibodies  in  a  person  previously 
exhibiting  no  such  antibodies  (  a  titer  of  1:20  is  considered 
evidence  of  such  antibody) . 

Secondary  Dengue  Infection:  Evidence  of  an  four- fold  or  greater 
titer  increase  in  one  or  more  type  specific  HI  antibodies  in  a 
person  exhibiting  a  1  20  titer  to  one  or  more  dengue  antigens. 

Table  43presents  the  incidence  of  primary  dengue  infections 
between  blood  samples.  Between  January  and  June  1978,  14  out  of 
496  susceptible  children  (.2.8  percent)  sustained  a  primary  dengue 
infection.  Three  children,  including  one  of  the  above  14  children, 
became  infected  with  an  alphavirus  (0.7  percent).  Of  the  482 
seronegative  students,  427  were  retested  in  January  1979.  Thirty 
students  (7.0  percent)  seroconverted  during  this  "dengue  season". 
Nineteen (4. 8  percent)  seronegative  students  acquired  one  or  more 
anti-dengue  antibodies  between  January  and  June  1979  during  the 
non-epidemic  period  following  a  low  level  "dengue  season". 
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TABLE  43 

INCIDENCE  OF  DENGUE  ANTIBODY  ACQUISITION  IN  PREVIOUSLY  UNINFECTED  SCHOOL  CHILDREN 
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TABLE  44 

INCIDENCE  OF  DENGUE  ANTIBODY  TITER  ELEVATION 
IN  PREVIOUSLY  INFECTED  SCHOOL  CHILDREN 


( 


( 
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Table  44presents  the  incidence  of  secondary  dengue  infections 
occurring  during  these  intervals. 

As  can  be  seen  in  Table  4^  there  was  a  significant  difference 
in  the  primary  acquisition  of  dengue  antibody  between  the 
"dengue  season"  (June  77-Jan  78)  and  the  following  non-epidemic 
period  (Jan-Jun  78) .  This  difference  was  not  evident  in  a  compari¬ 
son  of  secondary  cases  (Table  44).  The  secondary  dengue  infections 
in  the  non-epidemic  period  were  more  common  in  older  children  than 
those  infections  occurring  during  the  epidemic  period,  but  the 
overall  rate  of  secondary  infection  was  not  different  during  the 
two  periods. 

During  the  June  78- Jan  79  period,  there  were  relatively  few  primary 
sero conversions ,  accurately  reflecting  the  relative  lack  of 
hospitalized  DHF  cases  during  that  period.  However,  secondary 
seroconversions  continued  at  a  rate  similar  to  the  previous  two 
periods  in  the  few  children  tested.  Primary  and  secondary  cases 
continued  to  occur  predominately  in  the  older  children. 

When  dengue  virus  is  not  common  in  the  population,  e.g.  January 
1978  to  January  1979,  transmission  tends  to  occur  mainly  in  the 
older  children.  When  the  virus  is  not  as  rare,  e.g.  June  1977  to 
Jan  1978,  transmission  is  not  as  localized.  Since  the  mean  age  of 
admission  of  a  child  with  DHF  in  Bangkok  is  less  than  six  years, 
hospitalization  records  reflect  those  periods  when  transmission 
spreads  to  the  younger  age  groups. 

A  manuscript  of  this  (completed)  project  is  in  preparation. 

17.  Dengue  Hemorrhagic  Fever  (DHF)  in  Bangkok:  Correlation 
of  Monthly  Incidence  Rates  with  Total  Yearly  Incidence 
Rates 


OBJECTIVE :  To  correlate  monthly  incidence  rates  of  DHF  with  total 
yearly  incidence  rates. 

BACKGROUND:  The  peak  incidence  of  reported  cases  of  DHF  in 
Bangkok  regularly  occurs  during  the  rainy  season,  usually  during 
the  months  on  July,  August,  or  September.  The  peak  number  of 
reported  cases  during  a  severe  epidemic  season  may  reach  over 
1000  cases  per  month  and  over  5000  cases  for  the  entire  year. 

Case  incidence  rates  typically  decline  late  in  the  rainy  season 
and  continue  to  decline  during  the  cool  season  to  reach  a  nadir 
usually  during  the  subsequent  February  or  March. 
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Total  reported  cases  during  a  severe  DHF  year  may  be  as  much  as 
ten  fold  greater  than  during  a  mild  year,  yet  factors  governing 
yearly  incidence  rates  of  DHF  remain  poorly  understood.  Although 
the  temporal  association  of  peak  DHF  incidence  rates  with  the 
rainy  season  is  self-evident,  to  date  there  has  been  no  quantita¬ 
tive  evidence  that  the  amount  of  rain  during  the  rainy  season 
influences  peak  case  rates.  Other  factors  which  may  govern  the 
severity  of  a  given  DHF  season  remain  totally  obscure. 

Since  the  late  1950 's  records  have  been  maintained  of  the  number 
of  cases  of  DHF  occurring  per  month  in  the  Bangkok-lhonburi  metro¬ 
politan  area  by  the  Thai  Ministry  of  Public  Health. 

In  the  early  1960's  clear  diagnostic  criteria  for  DHF  were 
established,  and  in  April  1962  a  highly  efficient  system  of 
surveillance  was  also  introduced  (114). 

With  over  16  years  of  reliable  monthly  DHF  incidence  reports 
available  to  us,  we  sought  to  examine  the  data  for  evidence  of 
an  association  between  monthly  and  yearly  incidence  rates. 

METHODS :  The  raw  data  used  in  this  analysis  came  from  files 
maintained  in  the  Ministry  of  Public  Health  and  are  preserved  in 
Table  45.  Ministry  data  were  incomplete  for  the  16  months, 

September  1964  through  December  1965;  for  these  months  graphic 
records  kept  by  our  Laboratory  were  the  source  of  the  number 
of  cases  reported  per  month. 

To  evaluate  the  data  for  correlations  between  monthly  and  yearly 
incidence  rates,  the  monthly  incidence  rate  for  a  given  month 
was  defined  as  the  independent  variable  and  the  yearly  incidence 
rate  for  that  year  as  the  dependent  variable.  For  example,  for 
each  of  sixteen  March  incidence  rates  set  as  independent  variables 
(Xn),  there  was  a  corresponding  yearly  incidence  rate  set  as  a 
dependent  variable  (Yn)  (see  Figure  26).  A  liner  regression 
analysis  was  then  performed,  and  the  y  intercept  (b) ,  slope  (m) 
and  correlation  co-efficient  (r)  were  computed.  The  same  analysis 
was  done  for  8  months  of  the  precedent  year,  12  months  of  the 
index  year,  and  8  months  the  subsequent  "DHF  year." 

RESULTS:  Mean  monthly  case  incidence  rates  foi  the  years  1963- 
1978  are  presented  in  Figure  264, and  the  average  ranking  of  the 
number  of  DHF  cases  per  month  is  presented  in  Figure  26B.  From 
both  of  these  curves  it  can  be  seen  that  case  incidence  rates 
of  DHF  have  a  nadir  in  February  or  March;  this  was  the  basis  for 
defining  the  "DHF-year"  as  beginning  in  March  and  ending  in 
February. 
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Table  45  Cases  of  DHF  Hospitalized  per  Month,  April  1962-Dec  1978  -  February  1979 
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Table  46 


Relationship  between  number  of 
cases  in  month  vs  total  number 


Month  analyzed 

of  cases  during  index  year 

r 

N 

Dec  of  preceding 

-DHF  year 

y  =  4.69  x  *  1535 

.321 

16 

Jan  of  preceding 

-DHF  year 

y  =  6.05  x  +  1533 

.292 

16 

Feb  of  preceding 

-DHF  year 

y  =  9.42  x  +  1393 

.464 

16 

Mar  of  Index 

-DHF  year 

y  =  12.98  x  +  1157 

.696 

16 

Apr  of  Index 

-DHF  year 

y  =  12.27  x  +  1198 

.718 

17 

May  of  index 

-DHF  year 

y  =  11.78  x  +  793 

.858 

17 

Jun  of  index 

-DHF  year 

y  =  5.07  x  +  950 

.931 

17 
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Avg.  rank  of  month  (out  of  12)  Avg.  cases /month 


in  parentheses  above  the  line  represent  the  number  of  years  in  which  the 
specified  month  had  the  greatest  number  of  cases. 


Figure  27A  Figure  27B 

Figure  27A.  Graph  of  number  of  cases  of  DHF  reported  each  March, 

1963-1978,  versus  the  total  number  of  cases  reported  that  DHF  year. 

Figure  27B.  Graph  of  number  of  cases  of  DHF  reported  each  September, 

1962-1978,  versus  the  total  number  of  cases  reported  that  DHF  year. 


As  expected,  the  total  number  of  cases  of  DHF  during  a  given 
year  was  strongly  associated  with  the  case  incidence  rate  during 
the  peak  months  of  that  year.  For  example,  the  number  of  cases 
during  a  DHF  year  is  plotted  against  the  number  of  cases  reported 
during  the  September  of  that  year  for  the  years  1962-1978  in 
Figure  27B.  A  correlation  coefficient  (r)  of  .942  (p  <  .001)  is 
obtained.  Correlation  coefficients  obtained  by  analysis  of  monthly 
vs  "DHF-year"  yearly  incidence  rates  for  8  months  of  the  preceding 
year,  the  12  months  of  the  index  year  and  8  months  of  the 
subsequent  year,  are  plotted  by  month  in  Figure  28.  .  A  smooth 
curve  is  obtained  with  a  positive  slope  first  clearly  detectable 
between  October  and  February  of  the  preceding  DHF  year.  By 
March,  the  first  month  of  the  "DHF-year",  there  is  already  a 
significant  (p  <  .01)  correlation  between  the  monthly  and  yearly 
incidence  rates.  It  should  be  noted  that  the  incidence  rates 
in  February  and  March  have  a  much  stronger  correlation  with  the 
total  number  of  cases  in  the  year  immediately  following  than 
immediately  preceding  these  months.  Restated,  the  case  rates  at 
the  nadir  of  disease  activity  show  a  much  stronger  correlation 
with  future,  rather  than  past,  peak  incidence  rates.  Indeed,  as 
far  back  as  December »  3  months  before  the  nadir  of  disease 

activity,  case  rates  are  more  closely  correlated  with  future, 
rather  than  past  peak  incidence  rates,  although  p  values  do  not 
reach  the  .05  level.  Also,  it  should  be  noted  that  by  the  onset 
of  the  rainy  season  in  May,  the  severity  of  the  dengue  season  is 
largely  determined  (r  =  .858  for  May  vs  r  =  .931,  .919,  and  .944 
for  June,  July,  August  respectively).  The  quantitative  linear 
regression  relationships  between  monthly  and  yearly  DHF  incidence 
rates  for  several  months  are  presented  in  Table  46. 

The  main  conclusions  from  this  analysis  are  that  severe  DHF  seasons 
can  probably  be  predicted  with  reasonable  certainty  four  to  six 
months  in  advance  of  peak  disease  activity,  and  that  at  least  some 
of  the  factors  which  govern  the  extent  of  disease  activity  during 
the  rainy  season  are  already  well  established  during  the  pre¬ 
ceding  dry  season.  These  factors  remain  as  yet  undetermined. 

18.  Fluctuations  in  the  Relative  Proportion  of  Dengue  Virus 
Serotypes  Isolated  from  Patients  with  Dengue  Hemorrhagic 
Fever  (DHF)  in  Bangkok,  1962-1978 

OBJECTIVE :  To  summarize  this  laboratory's  experience  in  the 
isolation  of  dengue  virus  serotypes  from  patients  with  DHF. 
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Table  47 


Dengue  Virus  Types  Isolated  from  Metropolitan  Bangkok 
Hemorrhagic  Fever  Patients,  1962-1978 


i 

1 

2 

3 

4 

Total 

:f 

■!  1962 

18 

23 

10 

1 

11 

63 

1  63 

6 

8 

17 

0 

1 

32 

64 

16 

49 

16 

2 

5 

88 

65 

66  ND 

67  ND 

68  ND 

0 

6 

0 

1 

0 

7 

69 

1 

1 

3 

0 

0 

5 

70  ND 

;  7i 

3 

17 

1 

0 

0 

21 

72 

0 

14 

0 

0 

0 

14 

73 

5 

13 

4 

0 

0 

22 

74 

5 

6 

4 

0 

0 

15 

75 

1 

11 

7 

0 

0 

19 

76 

0 

8 

1 

5 

0 

14 

77 

0 

37 

11 

19 

0 

67 

78 

0 

31 

1 

5 

0 

37 

<** 
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BACKGROUND: 


_ _  The  Department  of  Virology  has  conducted  studies 

on  dengue  virus  infections  since  1962.  Annual  Progress  Reports 
written  during  this  time  have  usually  included  sections  detailing 
the  total  number  of  each  of  the  four  serotypes  of  dengue  virus 
isolated  during  the  period  covered  by  the  report.  In  some  years, 
data  presented  in  the  Annual  Progress  Report  was  in  incomplete 
form,  and  in  no  previous  Annual  Progress  Report  has  the  accumulated 
data  since  1962  been  compiled  into  a  digestible  summary  form. 

METHODS :  Laboratory  notebooks  and  records  dating  back  to  1962 
were  reviewed  and  personnel  involved  were  interviewed. 

RESULTS :  Results  of  the  dengue  virus  types  isolated  from  DHF 
patients  in  the  Bangkok-Thonburi  metropolitan  area  are  presented 
in  tabular  form  in  Table 47  and  in  graphic  form  in  Figure  29. 
Isolates  from  specimens  obtained  upcountry  or  from  Koh  Samui  are 
not  included.  An  analysis  of  changes  in  personnel,  changes  in 
techniques,  and  changes  in  reagents  used  for  isolation  and  typing 
of  dengue  viruses  during  the  period  1962-1978  is  presented  in 
Table  48. 

Although  many  technical  changes  occurred  during  the  seventeen- 
year  period,  none  can  be  clearly  associated  with  a  subsequent 
change  in  proportion  of  reported  serotypes. 

19,  Epidemiological  Factors  Relating  to  the  Successful 
Isolation  of  Dengue  Viruses 

OBJECTIVES:  To  determine  the  serotypes  of  dengue  viruses 
associated  with  human  infections  and  to  determine  the  relation  of 
certain  aspects  of  infection  to  the  isolation  of  dengue  viruses. 

BACKGROUND:  Epidemics  of  dengue  hemorrhagic  fever  (DHF)  have  been 
documented  in  Bangkok,  Thailand,  since  the  early  1960's.  Clinical 
and  virological  studies  have  shown  considerable  fluctuation  in 
the  types  of  infection  and  in  the  types  of  dengue  viruses 
associated  with  human  infections.  According  to  data  presented 
elsewhere  in  this  Annual  Progress  Report,  dengue  virus  type-2 
has  been  isolated  from  DHF  patients  during  every  epidemic  that  was 
studied.  The  other  serotypes  have  exhibited  a  sporadic  pattern 
of  association  with  human  disease  and  the  frequency  of  isolation 
has  been  lower  than  that  observed  for  dengue  virus  type-2.  This 
report  describes  results  of  virological  and  serological  studies 
conducted  on  patients  of  the  Children's  Hospital  during  the  1978 
dengue  epidemic. 
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METHODS :  The  subjects  of  this  study  were  patients  treated  at 
the  out-patient  clinic  and/or  admitted  to  the  Children's  Hospital, 
Bangkok,  during  1978.  Out-patients  had  febrile  illnesses  and 
admitted  patients  had  signs  and  symptoms  consistent  with  those 
of  dengue  and/or  dengue  hemorrhagic  fever  (DHF).  The  day  of  on¬ 
set  of  fever  was  recorded  as  the  first  day  of  disease.  Heparinized 
blood  (7  ml)  was  obtained  from  patients  during  acute  phase  of 
illness  and  a  second  blood  sample  (3  ml)  was  obtained,  when 
possible,  2  to  3  weeks  later.  Clinical  histories  of  patients  were 
recorded  on  standardized  forms. 

One  ml  of  blood  per  patient  was  submitted  for  hemogram  analysis 
and  the  remainder  was  centrifuged  at  2000  rpm  for  15  minutes. 

Each  plasma  fraction  was  transferred  to  each  of  2  vials,  and  then 
stored  at  -20°C  and  -70°C  for  serological  and  for  virological 
testing,  respectively.  The  cellular  fraction  was  separated  into 
platelet  and  leukocyte  subpopulations  for  virus  assay  as  described 
elsewhere  (23) . 

Plasma  and  cellular  fractions  were  assayed  for  virus  by  the 
mosquito  inoculation  technique  employing  Toxorhynchites  splendens, 
the  direct  and  delayed  plaque  assay  and  an  infectious  center  assay 
using  LLC-Mk2  cells  (23).  Viruses  were  identified  by  plaque 
reduction  neutralization  tests  employing  dengue  virus  types  1,  2, 

3,  and  4  monospecific  antisera  prepared  in  rhesus  monkeys. 

Acute  and  convalescent  plasma  of  patients  was  acetone  extracted 
and  tested  for  (HI)  antibody  by  the  micro -hemagglutination 
inhibition  test.  Acetone  extracted  mouse  brain  antigens  of  dengue 
virus  types  1,  2,  3  and  4  were  used  in  the  test,  8  hemagglutinating 
units  per  antigen.  Confirmation  of  dengue  virus  infection  of 
patients  was  based  on  a  clinical  diagnosis  of  dengue  and/or  DHF 
accompanied  by  a  virus  specific  immune  response  and/or  isolation 
of  virus  as  described  in  results  section  (Table  49). 

Except  for  modifications  presented  in  results  section,  the 
diagnostic  criteria  employed  for  classification  of  the  type  of 
infection  were  those  of  the  World  Health  Organization  (WHO)  (115). 
Illnesses  with  an  antibody  titer  of  <20  before  the  4th  day  of 
disease  and  a  four-fold  or  greater  increase  in  titer,  but  not 
greater  than  1:1280  one  to  4  weeks  later,  were  classified  as 
primary  infections.  A  secondary  infection  was  recorded  for 
patients  with  antibody  titers  <20  in  plasma  obtained  before  the 
5th  day  of  disease  with  a  titer  >2560  in  convalescent  plasma, 
or  titers  >20  in  plasma  obtained  before  the  5th  day  after  onset 
of  disease^  with  a  four  fold  or  greater  increase  in  titer  for 


1 
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convalescent  plasma.  An  HI  antibody  titer  of  >1280  in  acute 
and  convalescent  plasma  without  a  four  fold  difference  was 
considered  to  be  a  presumptive  secondary  infection. 

RESULTS :  A  total  of  178  patients  who  were  examined  at  the  hospital 
and/or  the  out-patient  department  during  1978  were  included  in 
virus  isolation  studies.  Of  the  178  patients,  138  were  clinically 
diagnosed  dengue  fever  and/or  dengue  hemorrhagic  fever  cases.  The 
remaining  40  were  patients  with  febrile  illness,  the  majority  of 
whom  were  selected  from  the  out-patient  department  of  obtain 
preliminary  data  and/or  virus  isolations  for  other  investigations. 
Of  the  138  patients  with  a  clinical  diagnosis  of  DHF,  presumptive 
or  definite  evidence  of  dengue  virus  infection  was  found  by  virus 
isolation  and/or  by  serology  in  118  cases.  Of  the  20  cases  with 
unproven  dengue  etiology,  paired  plasma  for  diagnostic  tests  were 
available  for  11.  A  correct  diagnosis  was  thus  made  for  91.5% 
(118/129)  of  the  patients.  Dengue  virus  infections  was  diagnosed 
in  38%  (10/32)  of  the  patients  with  undifferentiated  pyrexia  with 
paired  plasma  specimens.  A  summary  of  the  distribution  of  the 
178  patients  by  etiology  and  clinical  presentation  of 
illness  is  presented  in  Table  49. 

One  hundred  and  twenty-four  of  the  128  confirmed  or  presumptive 
dengue  virus  infected  patients  were  classified  as  primary  or 
secondary  infections.  Table  50presents  the  distribution  of  the 
types  of  infections  by  sex  and  age.  On  the  basis  of  the  criteria 
employed,  only  two  patients  (1.6%)  had  primary  infections.  An 
additional  five  patients  (2  males  and  3  females)  had  possible 
primary  infections.  Studies  are  in  progress  to  confirm  the  type 
of  infection.  One  hundred  and  twenty- two  patients  (95.3%)  had 
secondary  infections  and  4  (3.1%)  infections  could  not  be 
classified.  The  unclassifiable  infections  were  based  on  the 
isolation  of  dengue  viruses  from  unpaired  plasma  specimens  with 
antibody  titer  for  3  of  4  equal  to  or  less  than  1:20. 

No  apparent  difference  was  noted  between  male  and  female  for  the 
different  types  of  infections.  The  age  of  dengue  virus  infected 
patients  ranged  from  less  than  one  year  to  16 years  of  age,  with 
infections  being  most  conmon  in  the  4  to  7  year  age  group  (Table  51) 

Table  52  summarizes  the  types  of  dengue  viruses  isolated  from 
plasma  and  cellular  components  of  the  blood  of  dengue  patients  by 
type  of  infection.  Seven  additional  isolates  were  detected,  but 
were  lost  while  attempting  to  increase  infectivity  titers  for 
identification  tests.  Dengue  virus  types  2,  3  and  4  were  isolated 
with  86.5%  of  the  isolates  being  dengue  virus  type  2. 
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Table  49  Distribution  of  178  Dengue  Patients  by  Etiology  of 
Illness. 


Number  of 

Etiology _ of  Cases _ Diagnostic  criteria 


Dengue  viruses 

64 

Fourfold  or  greater  difference  in 
dengue  virus  HI  antibody  titer  be¬ 
tween  acute  and  convalescent  plasma 
with  or  without  virus  isolations 
(24  virus  isolations) 

Dengue  viruses 

13 

Isolations  of  dengue  viruses  from 
patients  for  whom  serological  re¬ 
sults  did  not  meet  confirmed  dengue 
virus  infection  criteria.* 

Presumptive  dengue 
viruses 

26 

Dengue  virus  HI  antibody  titer  - 1:1280 
in  paired  plasma  forcne  or  more  sero¬ 
types  without  4  fold  increase  in 
titer 

Presumptive  dengue 
viruses 

25 

Dengue  virus  HI  antibody  titer 
i  1:1280  in  unpaired  plasma  for  one 
or  more  serotypes. 

Not  dengue 

28 

Paired  plasma  specimens  that  did  not 
meet  any  of  the  above  criteria. 

Not  dengue 

22 

Unpaired  plasma  specimens  that  did 

not  meet  any  of  the  above  criteria. 


Total  178 


*  Four  virus  isolations  from  unpaired  plasma,  HI  antibody  titer 
£  1:80,  5  virus  isolations  from  unpaired  plasma,  HI  antibody 
titer  >  1:1280  and  4  virus  isolations  from  paired  plasma,  HI 
antibody  titer  >  1:1280  without  4  fold  increase  in  titer. 
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Table  50  Distribution  of  Primary  and  Secondary  Dengue  Virus 
Infections  by  Sex. 


Type  of 
infection 

Males 

Females 

%  of  total 
Cases 

Number 

% 

Number 

% 

Total 

Primary 

01 

50 

01 

50 

02 

1.6 

Secondary* 

59 

48 

63 

52 

122 

95.3 

Unclassified 

01 

25 

03 

75 

04 

3.1 

Includes  5  possible  primary  infections  (2  males  and  3  females), 
acute  antibody  titer  2  1:20  on  days  5  and  6  of  illness  with  a 
four  fold  increase  in  titer,  but  -  1:640  (WHO  criteria)  includes 
30  cases  that  did  not  meet  WHO  criteria,  5  (1  male  and  4  females) 
patients  whose  unpaired  plasma  specimens  contained  antibody 
titers  £  1:1280  plus  virus  isolations,  and  25  (14  males  and 
11  females)  patients  whose  unpaired  plasma  specimens  contained 
antibody  titers  of  2  1:1280  to  one  or  more  dengue  virus  sero¬ 
type. 
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Table  51  Distribution  of  Primary  and  Secondary  Dengue  Virus 


Infections  by  Age. 

Age 

Primary 

Secondary 

Unclassified 

Confirmed 

Total 

%  of  total 
Cases 

0-3 

01* 

26 

03 

30 

23 

4-7 

00 

51 

00 

51 

40 

8-11 

01 

27 

01 

29 

23 

12-15 

00 

17 

00 

17 

13 

16 

00 

01 

00 

01 

01 

Total 

02 

122 

04 

128 

100 

* 


Two  years  old. 


Table  52  Dengue  Virus  Isolations  from  Dengue  Patients  by  Sero¬ 
type  and  the  Type  of  Infection. 

Type  of  Number  of  Number  of  Isolation 

Infection  Patients  Isolates  Rate  (%) 


Primary 

02 

1* 

50 

Secondary 

122 

32** 

26 

Unclassified 

04 

04*** 

100 

Total 

128 

37 

29% 

*  Dengue  virus  type- 2 

**  Dengue  virus  type-2  (27),  dengue-4  (4),  dengue-3  (1) 
***  Dengue  virus  type- 2 
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The  distribution  of  dengue  virus  isolations  according  to  age  and 
sex  of  patients  is  presented  in  Table  53.  Overall,  the  rate  was 
slightly  higher  for  males  (31%)  than  for  females  (27%).  The 
rate  of  virus  isolation  varied  for  different  age  groups  and 
tended  to  be  higher  for  patients  seven  years  of  age  and  older. 

The  apparent  increase  in  virus  isolation  rates  for  older  children 
mentioned  above  suggested  that  they  reported  to  the  hospital 
earlier  than  younger  children  infected  with  dengue  viruses.  An 
analysis  of  the  data  showed  the  mean  reporting  day  to  be  approximate¬ 
ly  the  same  in  each  age  group,  but  the  range  in  the  reporting 
period  indicated  that  the  older  children  did  (7-8  and  11-12  age 
groups)  tend  to  seek  medical  attention  sooner  than  younger  children. 

The  rate  of  isolation  of  dengue  viruses  in  relation  to  the  day  of 
disease  and  the  antibody  titer  of  dengue  patients  is  shown  in 
Figure  30.  Virus  was  isolated  from  100%  of  the  patients  during 
days  2  and  3  of  illness.  Subsequently  rate  declined  significantly 
(r  =  -0.958,  p  =  0.001)  until  day  8  when  virus  could  no  longer  be 
isolated  from  patients  (Figure  31).  The  rate  of  virus  isolation 
for  patient  with  antibody  titers  that  ranged  from  less  than  10 
to  160  was  74%  (20/27)  as  compared  to  a  17%  (17/99)  rate  for 
patients  with  antibody  titers  of  320  or  greater.  The  association 
of  a  decrease  in  virus  isolation  with  an  increase  in  antibody 
titers  of  patients  was  significant  (r  =  0,843,  p  =  0. 001) (Figure  32) . 
Multiple  linear  regression  analysis  of  the  data  showing  the  relation 
of  virus  isolation  to  both  the  day  of  illness  and  the  HI  antibody 
titer  of  dengue  patients  is  presented  in  Figure  33.  On  the  basis 
of  these  results,  the  probability  of  obtaining  dengue  virus 
isolations  from  patients  can  be  predicted  with  a  high  degree  of 
certainty.  Employment  of  these  findings  in  future  studies  will 
save  both  technical  input  and  time,  as  well  as  overall  cost 
required  to  perform  the  assays. 

This  is  a  final  report. 

20.  Isolation  of  Dengue  Viruses  from  Plasma  and  Cellular 
Components  of  Blood 

OBJECTIVE :  To  determine  the  relative  frequency  of  isolation  of 
dengue  viruses  from  plasma  and  cellular  components  of  the  blood 
of  dengue  patients. 

BACKGROUND:  Studies  of  the  pathogenesises  of  dengue  hemorrhagic 
fever  (DHF)  have  implicated  human  peripheral  blood  leukocytes 
(PBL) ,  particularly  the  phagocytic  monocyte,  as  the  primary  site 
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of  dengue  virus  replication.  Evidence  that  supports  this 
proposition  includes  the  association  of  dengue  viruses  and/or 
dengue  virus  antigens  with  PBL  of  the  blood  of  dengue  patients 
and  of  experimentally  infected  monkeys  (116,  117,  118,  119,  120). 
In  vitro  studies  have  shown  that  dengue  viruses  replicate  in 
both  monkey  and  human  PBL  cultures  (121,  122).  In  additions 
cultured  human  B  type  lymphoblastoid  cell  lines  and  macrophages 
have  been  shown  to  support  replication  of  dengue-2  virus  (122, 

123,  124). 

However,  attempts  to  infect  polymorphonuclear  (PMN)  cells,  T  type 
human  lymphoblastoid  cell  lines,  and  T  lymphocytes, have  not  been 
successful  (121,  122).  Despite  these  findings,  direct  association 
of  dengue  viruses  with  PBL  during  human  dengue  virus  infection 
remains  to  be  proven. 

METHODS :  Heparinized  blood  was  obtained  from  dengue  patients  as 
described  previously.  Blood  specimens  were  centrifuged  at  2000 
rpm  for  15  minutes  and  plasma  was  stored  at  -20°C  and  at  -70°C 
for  serological  and  virological  studies. 

The  dextran  sedimentation  technique  employed  in  a  preliminary 
comparative  study  with  the  Isopaque  Ficoll  (IP-Ficoll)  flotation 
technique  for  isolating  leukocytes  was  performed  as  described 
previously  (120). 

The  IP-Ficoll  flotation  technique  (IP-Ficoll)  for  separating 
cellular  fractions  of  the  blood  of  dengue  patients  was  employed 
as  shown  in  Figure  34.  Each  cellular  fraction  was  mixed  with 
4.0  ml  of  RPMI  1640  medium  and  carefully  layered  over  IP-Ficoll 
medium.  After  centrifugation  at  1800  rpms  for  30  minutes  at  4°C, 
the  top  layer  of  RPMI  1640  medium  was  carefully  removed  with  a 
pasteur  pipette.  The  mononuclear  cell  and  platelet  fraction  of 
the  interface  region  was  transferred  to  a  15  ml  conical  centrifuge 
tube.  Cells  were  then  suspended  in  5.0  ml  of  RPMI  1640  medium  and 
centrifuged  at  500  rpm  for  10  minutes. 

The  supernatant  was  transferred  to  a  15  ml  conical  centrifuge 
tube  and  the  pelleted  mononuclear  cells  were  resuspended  and 
centrifuged  again  as  above.  Supernatants  were  pooled  and 
centrifuged  at  2000  rpm  for  10  minutes  at  4°C  and  the  pelleted 
platelets  were  resuspended  in  2.0  ml  of  RPMI  1640  and  a  1.0  ml 
and  a  0.2  ml  aliquot  was  stored  at  -70°C.  Sedimented  mononuclear 
cells  were  suspended  in  2.5  to  3.0  ml  of  RPMI  1640  medium,  with 
10%  heat  inactivated  fetal  calf  serum  (FCS).  Cell  concentration 
was  adjusted  to  approximately  1  x  10b  cells  per  ml  and  a  1.0  ml 
and  a  0.2  ml  aliquot  was  stored  at  -70°C. 
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Adherent  and  non-adherent  cells  were  obtained  from  the  remaining 
portion  of  mononuclear  cell  fractions  on  the  basis  of  glass 
adherence  properties  of  monocyte's.  Each  mononuclear  cell-RPMI 
1640  medium  fraction  (0.5  ml)  was  transferred  to  1  oz  glass 
bottles  and  placed  at  37°C  for  three  hours  to  allow  monocytes 
to  adhere  to  glass.  The  non-adherent  cell  fraction  that  remained 
suspended  in  the  RPMI  1640  medium  was  transferred  to  1  oz 
bottles.  Adherent  cells  were  rinsed  2  to  3  times  with  RPMI  1640 
medium.  Four  ml  of  a  LLC-Mk2  cell  suspension,  2X10^  cells/ml, 
was  then  added  to  each  bottle  that  contained  adherent  and/or 
nonadherent  cells.  After  24  hours  incubation  at  37°C,  2.5  ml 
of  a  standard  agar  overlay  was  added  to  each  bottle  of  cells. 

A  similar  volume  of  a  second  agar  overlay  that  contained  a 
1:10,000  dilution  of  neutral  red  was  added  on  day  6  post 
inoculation.  Plaque  forming  units  (PFU)  were  counted  and 
recorded  on  the  following  day. 

Granulocytes  and  erythrocytes  that  comprised  the  bottom  layer  of 
the  IP-Ficoll  medium  were  suspended  in  two  volumes  of  2.4% 
daxtran  (T-250) ,  Hank's  balanced  salt  solution  (HBSS)  and  0.15% 
EDTA.  The  mixture  was  left  at  4°C  for  45  minutes  to  one  hour, 
and  the  supernatant  that  contained  the  granulocytes  was  trans¬ 
ferred  to  a  15  ml  conical  centrifuge  tube.  Supernatant  was 
centrifuged  for  10  minutes  at  1000  rpm  and  the  pelleted  granu¬ 
locytes  were  resuspended  in  HBSS  plus  0.02%  EDTA.  This  step  was 
repeated  and  granulocytes  were  resuspended  in  3.0  ml  of  RPMI  1640 
medium,  with  10%  heat  inactivated  FSC,  and  1.0  ml  and  0.02  ml 
aliquots  were  stored  at  -70°C. 

Plasma,  platelets,  whole  leukocyte  and  whole  mononuclear  cell, 
and  polymorphonuclear  cell  fractions  were  assayed  for  virus  at 
32°C  by  the  mosquito  inoculation  technique  employing  Toxorhynchites 
spoendens  (125).  The  direct  fluorescent  antibody  technique  was 
used  to  test  mosquito  heads  for  virus  (125).  Corresponding 
thorax -abdomen  portions  of  mosquitoes,  and  aliquots  of  the  above 
plasma,  platelets  etc.  fractions  were  tested  for  virus  at  35°C 
in  LLC-Mk2  cells  by  direct  and  delayed  plaque  assay  (126).  The 
volume  of  inoculum  per  cell  culture  was  0.3  ml  and  0.85  ul  per 
mosquito.  Viruses  were  identified  by  plaque  reduction  neutralizing 
tests  employing  monospecific  dengue  virus  types  1,  2,  3  and  4 
antisera  prepared  in  rhesus  monkeys.  A  differential  cell  count 
was  performed  on  smears  of  whole  leukocytes,  mononuclear,  non¬ 
adherent,  polymorphonuclear  and  platelets  fractions  using  Wright's 
stain. 
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Dengue  virus  types  1,  2,  3,  and  4  were  used  in  plaque  reduction 
neutralization  tests  (PRNT)  to  determine  antibody  titers  for 
dengue  patients.  Plasma  were  heat  treated  at  56°C  for  30  minutes. 
Mixtures  of  equal  volumes  of  four  fold  dilutions  of  plasma  and 
approximately  30  to  60  PFUs  of  each  virus  were  incubated  at  37°C 
for  90  minutes.  Medium  free  monolayers  of  LLC-Mk2  cells 
propagated  in  24  well  plastic  plates  were  inoculated  with  virus 
plasma  mixtures,  0.1  ml  per  each  of  2  cultures.  After  incubation 
at  37°C  for  90  minutes,  cell  monolayers  were  rinsed  with  HBSS  and 
overlaid  with  0.5  ml  of  a  standard  agar  overlay.  The  remaining 
procedures  for  plaque  assay  were  similar  to  those  described  for 
adherent  and  nonadherent  cells.  Cell  cultures  were  incubated  at 
35°C  during  the  assay  period.  Fifty  percent  plaque  reduction 
neutralization  titers  were  estimated  by  probit  analysis. 

Severity  of  illness  of  dengue  patients  was  graded  according  to 
previously  established  criteria  (127). 

RESULTS :  The  results  of  a  comparative  study  to  evaluate  the 
dextran  sedimentation  and  the  Ip-Ficoll  flotation  technique  for 
fractionating  cellular  components  of  the  blood  of  dengue  patient 
for  virus  isolation  studies  are  presented  in  Table  54.  Dengue 
viruses  were  isolated  from  9  of  27  leukocyte  fractions  obtained 
from  blood  of  27  patients  by  both  leukocyte  fractionating  techni¬ 
ques.  Although  the  number  of  virus  isolations  from  leukocytes 
fractions  obtained  by  the  2  techniques  was  comparable,  viruses 
were  not  always  isolated  from  the  same  leukocyte  fractions. 
Possibly,  this  was  associated  with  the  difference  in  the  relative 
proportions  of  the  types  of  cells  in  fractions  obtained  by  the  2 
techniques.  As  shown  in  Table 55  the  predominate  cell  type  in 
the  fractions  obtained  by  the  IP-Ficoll  technique  was  mononuclear 
cells  (93%)  whereas  fractions  associated  with  the  dextran 
sedimentation  technique  were  comprised  of  mononuclear  (59%)  and 
po lymorphonuc lear . 

The  relative  proportion  of  37  dengue  virus  isolations  associated 
with  one  or  more  of  the  different  types  of  fractions  of  the  blood 
of  dengue  patients  is  presented  in  Table  56.  Dengue  viruses  were 
associated  with  all  types  of  blood  fractions  but  most  frequently 
with  mononuclear  cell  fractions.  Although  the  data  was  based  on 
an  unequal  number  of  fractions  assayed  per  blood  specimen,  similar 
results  were  obtained  by  analysing  the  data  for  26  patients  for 
whom  all  types  of  fractions  were  assayed  for  virus  (Table  57). 

As  shown  in  Table  58the  adherent  cell  portion  of  the  mononuclear 
fraction  was  responsible  for  the  majority  of  the  additional  dengue 
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Table  54  Dengue  Virus  Isolations  from  Leukocyte  Fractions 
Prepared  by  the  Dextran  Sedimentation  and  the 
Isopaque  Ficoll  Flotation  Techniques. 


No.  of  Patients 
studied1 

Virus 

Isolations 

IP-Ficoll 

DS 

Both2 

IP-Ficoll 

Only 

DS 

Only 

Total 

27 

06 

07 

04 

02 

03 

03 

1.  All  27  patients  studied  by  both  techniques. 

2.  Virus  isolated  from  the  same  leukocyte  suspension  by  both 
technique. 
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Table  57  Dengue  Virus  Isolations  from  Blood  Fractions  of  Each  Patients  Ranked  in  Decending 
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Table  58  Distribution  of  Dengue  Virus  Isolations  Among  the 
Adherent  and  Nonadherent  Leukocytes  Fractions  of 
Dengue  Patients. 


Cell 

Fractions 

No.  Virus 
Isolations 

Percent  of 

Total  Isolates 

Adherent  cells  alone 

07 

29 

Nonadherent  cells  alone 

02 

08 

Both  fractions 

15 

63 

24 

100 
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virus  isolations.  Of  the  blood  fractions  other  than  leukocytes, 
dengue  viruses  were  associated  more  frequently  with  plasma  than 
with  platelet  fractions  (Table  59). 

According  to  results  of  infectious  center  assay  of  adherent  and 
nonadherent  cell  fractions,  both  monocytes  and  lymphocytes 
appeared  to  support  dengue  virus  replication  (Table  60).  Of  the 
culture  for  which  infectious  centers  could  be  enumerated,  the 
average  yield  of  virus  for  the  2  types  of  cell  fractions  was 
comparable;  however,  more  infectious  centers  than  could  be 
counted  was  associated  more  frequently  with  the  adherent  cell 
fractions.  No  apparent  relation  was  noted  between  the  number  of 
infectious  centers  and  the  grade  of  disease  or  the  day  of  disease 
of  the  patients. 

The  distribution  of  dengue  virus  isolations  among  the  different 
blood  fractions  of  dengue  patients  by  day  of  disease  is  presented 
in  Table  61.  Overall,  the  pattern  of  the  rate  of  virus  isolation 
for  the  blood  fractions  was  similar  as  indicated  by  a  rapid 
decrease  in  rates  subsequent  to  day  3  of  disease.  Although  the 
rates  for  different  fractions  did  not  appear  to  differ  signifi¬ 
cantly,  the  pattern  of  decrease  for  plasma  and  platelet  fractions 
was  more  similar  and  faster  than  that  of  the  leukocyte,  especially 
the  adherent  cell  fractions. 


The  relation  of  antibody  titer  to  the  isolation  of  dengue  viruses 
from  plasma  and  leukocyte  fractions  of  the  blood  of  dengue  patients 
is  presented  in  Table  62.  Dengue  viruses  were  isolated  from  each 
type  of  fraction  of  patients  with  HI  and  plasma  neutralizing 
antibody  titers  that  ranged  from  <10  to  >10,240  and  from  un¬ 
detectable  to  >640,  respectively.  Significantly  more  virus 
isolation,  however,  were  obtained  from  leukocytes  than  from 
plasma  fractions  of  patients  with  high  neutralizing  antibody 
titers  (X2  -  5.619,  p  =  .018).  A  similar  relationship  was 
observed  between  HI  antibody  titers  and  the  pattern  of  isolation 
of  dengue  viruses  from  the  2  types  of  blood  fractions. 


The  distribution  of  dengue  virus  isolations  among  the  different 
blood  fractions  in  relation  to  the  immune  response  of  dengue 
patients  is  presented  in  Table  63.  No  striking  pattern  was  noted 
in  the  distribution  of  virus  isolations  among  the  different 
fractions  of  blood  of  patients  who  serconverted.  In  contrast, 
a  marked  reduction  occurred  in  the  rate  of  isolation  of  dengue 
viruses  from  platelet  fractions  of  the  patients  with  high  fixed 
antibody  titers. 
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Table  59  Isolations  of  Dengue  Viruses  from  Blood  Fractions 


Other 

than  Leukocyte  Fractions. 

Blood 

No.  Yirus 

Fractions 

Isolations 

Plasma  alone 

06 

Platelets  alone 

00 

Both  fractions 

12 

Twenty-seven  of  each  fraction  assayed  for  virus. 


Table  60  Range  and  Average  Number  of  Dengue  Virus  Infectious 
Center  for  Adherent  and  Non-adherent  Cells. 


(  )  Number  of  fractions  from  which  1  to  64  plaque 

forming  units  were  obtained. 
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Table  61  Dengue  Virus  Isolations  from  Plasma  and  Cellular 
Components  of  the  Blood  of  Dengue  Patients  by 
Day  of  Disease. 


Blood  Fractions 


Mononu- 

Polymor- 

Non- 

Day  of 

clear 

phonuclear 

Adherent 

adherent 

Disease 

Plasma(%) 

Cells (%) 

Cells (%) 

Platelets (%) 

l  Cells (%) 

Cells(%) 

2 

4/  05  (8  0) 1 

5/05(100)  3/05(60) 

4/05(80) 

3/05(60) 

4/05(80) 

3 

2/02(100) 

2/02(100) 

2/02(100) 

2/02(100) 

2/02(100) 

2/02(00) 

4 

8/21(38) 

9/21(43) 

3/12(25) 

3/11  (27) 

4/10(40) 

3/10(30) 

5 

9/38(24) 

8/36(22) 

3/25(12) 

2/19(11) 

9/25(36) 

3/13(23) 

7/25(28) 

6 

2/29(07) 

5/24(21) 

3/13(23) 

1/12(08) 

3/13(23) 

7 

0/18(00) 

0/16(00) 

0/11(00) 

0/10(00) 

1/07(14) 

0/07(00) 

8 

0/06(00) 

0/06(00) 

0/02(00) 

0/02(00) 

0/03(00) 

0/03(00) 

9 

10 

11 

0/04(00) 

0/03(00) 

0/02(00) 

0/03(00) 

0/03(00) 

0/03(00) 

0/01(00) 

NT2 

NT 

NT 

NT 

NT 

Total 

25/124(20) 

29/113 (  26 ) 14/7 2 (  i9)12/64(  l9) 

22/68  (  32  ) 

19/68(28) 

1.  Number  virus  isolations/total  number  of  blood  fractions  assayed 

2.  Not  tested. 
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Table  62  Dengue  Virus  Isolations  from  Plasma  and  Leukocyte 

Fractions  of  Dengue  Patients  in  Relation  to  the  Day 
of  Disease  and  Homologous  Hemagglutination  Inhibition 
and  Plaque  Reduction  Neutralization  Antibody 
Titers. 


Patient 

Number 

Fraction; 

Antibody  titer 

Plasma 

Leukocytes 

HA  I 

PRNT 

D78-009 

O1 2 

+2 

320 

640 

D78-014 

0 

+ 

2560 

640 

D78-055 

0 

+ 

2560 

640 

D78-097 

0 

+ 

10240 

640 

D78-130 

0 

+ 

5120 

640 

D7S-0913 

0 

+ 

10 

25 

D78-052 

+ 

+ 

1280 

096 

D78-054 

+ 

+ 

80 

160 

D78-059 

+ 

+ 

2560 

640 

D78-044 

+ 

+ 

20 

32 

D78--0S0 

+ 

+ 

10 

00 

D78-051 

+ 

+ 

40 

.  40 

D78-078 

+ 

+ 

160 

190 

D7S-080 

+ 

+ 

2560 

640 

D78-099 

+ 

+ 

10 

35 

D78-108 

+ 

+ 

80 

180 

D78-112 

+ 

+ 

10 

00 

D78-11:' 

+ 

+ 

10 

130 

D78-133 

+ 

+ 

10 

350 

D78-145 

+ 

+ 

160 

640 

D78-159 

+ 

+ 

640 

640 

1.  Virus  not  isolated 

2.  Virus  Isolated 

3.  Primary  infection 
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TABLE  63  Dengue  virus  isolations  from  plasma  and  cellular  fractions  of  the 
blood  of  dengue  patients  according  to  the  immunological  response 


Blood  Fractions 


Patient 

Number 

Day 

of 

Disease 

Grade 

of 

Illness 

Plasma 

Mono- 

Nuclear 

Polymorpho- 

Nuclear 

Platelets  Adherent 

Adherent  A*\lbod} 
Tlter»J 

D78-091 

04 

PU0 

0 

+ 

0 

0 

0 

0 

<101 2 

D78-108 

04 

PU0 

+ 

+ 

0 

0 

4- 

4- 

80 

D78-114 

02 

PU0 

+ 

4- 

+ 

+ 

4- 

4- 

<  103 

D78-117 

03 

PUO 

4- 

+ 

4- 

♦ 

+ 

0 

10 

D78-118 

02 

PU0 

0 

+ 

0 

0 

0 

0 

<  103 

D78-132 

04 

PUO 

4- 

+ 

0 

0 

4- 

4- 

1603 

D78-133 

02 

PU0 

+ 

4- 

4- 

+ 

0 

+ 

<  10 

D78-157 

05 

PUO 

+ 

+ 

NT4 

NT 

NT 

NT 

<  103 

D78-009 

04 

III 

NT 

+ 

NT 

NT 

NT 

NT 

320 

D78-025 

04 

III 

4- 

4- 

NT 

NT 

NT 

NT 

20 

D78-044 

04 

11 

4- 

+ 

♦ 

+ 

4- 

4- 

20 

D7 8-050 

03 

III 

4- 

♦ 

+ 

+ 

4- 

0 

<10 

D78-051 

05 

III 

+ 

+ 

0 

0 

4- 

4- 

90 

D7 8-054 

05 

I1-II1 

+ 

0 

0 

0 

♦ 

0 

80 

D78-069 

02 

II 

♦ 

+ 

0 

4- 

4- 

4- 

3 

10- 

1 

D78-078 

05 

III 

+ 

+ 

0 

4- 

0 

0 

160 

D78-099 

06 

III 

+ 

♦ 

♦ 

4- 

4- 

4* 

<  10 

D7 8-112 

05 

II-III 

+ 

4- 

♦ 

+ 

4- 

4- 

<  10 

D78-135 

02 

II 

+ 

+ 

+ 

4- 

4- 

4- 

10 

D78-145 

05 

III-IV 

+ 

4- 

NT 

NT 

4- 

4- 

160 

D78-168 

05 

II 

+ 

■f 

NT 

m 

NT 

NT 

80 

078-014 

04 

III 

NT 

4- 

NT 

NT 

NT 

NT 

256o' 

078-017 

04 

11 

+ 

4- 

m 

NT 

NT 

NT 

1280 

D78-026 

06 

II 

0 

+ 

NT 

NT 

NT 

NT 

5120 

078-042 

04 

III 

+ 

4- 

4- 

4- 

4- 

4- 

5120 

D/ 8-048 

05 

III 

0 

0 

+ 

0 

.V 

4- 

640 

D78-052 

05 

II-III 

4- 

NT 

NT 

NT 

r 

4- 

1280 

078-055 

05 

III 

0 

0 

4- 

0 

< 

4- 

2560 

D78-059 

05 

III 

+ 

0 

0 

0 

+ 

4- 

2560 

D78-074 

06 

III 

0 

+ 

0 

0 

4- 

4“ 

5120 

D78-077 

05 

III 

0 

♦ 

0 

0 

4- 

0 

2560 

078-080 

06 

III 

+ 

4- 

+ 

0 

4- 

0 

2560 

D7 8-084 

07 

I 

0 

0 

0 

0 

4- 

0 

2560 

D7 8-097 

06 

II 

0 

0 

+ 

0 

0 

0 

>10240 

D78-130 

06 

II 

0 

+ 

0 

0 

0 

4- 

5120 

078-136 

04 

III 

+ 

+ 

Jr 

4- 

4- 

4- 

1280 

078-159 

04 

III 

+ 

+ 

NT 

NT 

NT 

NT 

640 

1.  Reciprocal  homologous  HA. I.  antibody  titers 

2.  Primary  immune  response,  all  others  secondary  immune  response  except  for  unpaired 
plasma  specimens 

3.  Unpaired  plasma  specimens 

4.  Not  tested 

'»  High  fixed  antinody  titer 
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PLASMA 


VIRUS  ASSAY 


CELLULAR  COMPONENTS 

tG,  E.  ?,  M)* 

I 

ISOPAQUE  FICOLL  MEDIUM 


PELLET 

(G.E) 


DEXTRAN 

(T-250) 


4  C  X  45  mms 


SUPERNATANT 

(G) 


IOOO  rpm  X  10  mint 


SUSPENOEO IN 
HBSS.002%  EOTA 


1000  rpm  X  10  mint 


GRANULOCYTES 


SUSPENOEO  IN 
RPM1 1640, 10%  FCS 


VIRUS  ASSAY 


PELLET 

(ERYTHROCYTES) 


1800  rpm  X  30  mins 


INTERFACE  REGION 
(M,P) 


SUSPEND  IN  RPMI  1640 
MED'UM 


500  rpm  X  10  mins 


PELLET 

<M) 


SUSPENDED  IN 
RPMI  1640,  10  %  FCS 


MONONUCLEAR  CELL 
FRACTION 


102  GLASS 
BOTTLES 
<37*C  X  2  HRS) 


MONONUCLEAR  CELL 
FRACTION 


VIRUS  ASSAY 


AOHERENT 

CELLS 

(MONOCYTES) 


VIRUS  ASSAY 


NONADHERENT 

CELLS 

(LYMPHOCYTES) 


VIRUS  ASSAY 


SU:  iRNATANT 

(P) 


2000  rpm  XIOmint 


SUSPENDED  IN 
RPMI  1640,  10  %FCS 


VIRUS  ASSAY 


G  «  GRANULOCYTES,  E  *  ERYTHCCYTES,  P«  PLATELETS,  M  *  MONONUCLEAR 
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The  pattern  of  virus  isolation  did  not  appear  to  be  related  to 
the  severity  of  disease,  but  the  decrease  in  the  rate  of 
isolation  of  dengue  viruses  from  platelets  fraction  tended  to  be 
associated  with  the  late  phase  of  illness  of  the  patients. 

This  is  a  final  report. 

21.  Comparison  of  the  Mosquito  Inoculation  Technique  With 
Cell  Culture  Techniques  for  Isolating  Dengue  Viruses 
From  Dengue  Patients 

OBJECTIVES :  To  compare  Toxorhynchites  splendens  to  LLC-Mk2  cells 
for  isolating  dengue  viruses  from  plasma  and  cellular  components 
of  the  blood  of  dengue  patients. 

BACKGROUND:  Dengue  virus  isolation  rates  from  dengue  patients 
have  been  shown  to  vary  according  to  the  assay  technique  and  the 
type  of  specimens  assayed  for  virus.  Recently,  the  isolation 
rate  reported  for  the  mosquito  inoculation  assay  (128-130)  has 
been  substantially  higher  than  the  rates  obtained  by  cell  culture 
techniques  (131-133,  23,  134,  135).  In  preliminary  studies, 
the  rate  of  isolation  of  dengue  viruses  from  peripheral  blood 
leukocytes  was  over  three  times  greater  than  that  from  plasma  of 
dengue  patients  (23).  This  difference,  however,  may  have  been 
due  to  the  use  of  a  different  assay  technique  for  the  two  types 
of  specimens.  The  present  report  describes  the  results  of 
investigations  designed  to  evaluate  and  compare  the  mosquito 
inoculation  assay  to  cell  culture  for  isolating  dengue  viruses, 
and  to  identify  the  component(s)  of  the  blood  of  dengue  patients 
that  yielded  the  maximum  number  of  virus  isolations. 

METHODS :  Plasma  and  platelet  and  leukocyte  fractions  were 
obtained  from  blood  of  dengue  patients  in  the  Children's  Hospital 
during  1978  (this  Annual  Progress  Report).  Toxorhynchites 
splendens  were  from  a  laboratory  colony  maintained  as  described 
previously  (23).  LLC-Mk2  cell  cultures  were  propagated  with 
medium  199,  with  15%  calf  serum,  in  1  oz  glass  bottles. 

Figure  35shows  the  scheme  used  to  assay  fractions  of  the  blood  of 
dengue  patients  for  virus.  Blood  fractions  were  assayed  for 
virus  by  the  mosquito  inoculation  technique  employing  Tx.  splendens 
(this  Annual  Progress  Report) ,  and  in  LLC-Mk2  cells  by  the  direct 
and  delayed  plaque  assay  (136)  and  the  infectious  center  assay 
(this  Annual  Progress  Report).  Eight  or  more  Tx.  splendens  were 
inoculated  intrathoracically  with  each  of  the  undiluted  cellular 
specimens  and  a  1:5  dilution  of  plasma,  0.85  ul  per  nesquito. 
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After  14  days  incubation  at  32°C,  mosquitoes  were  stored  at  -70°C. 
Head  squashes  of  individual  mosquitoes  were  examined  for  virus 
by  the  direct  fluorescent  antibody  technique  (this  Annual  Progress 
Report)  and  corresponding  thorax -abdomens  were  tested  for  virus 
by  the  direct  and  delayed  plaque  assay.  The  amount  of  inoculum 
was  0.3  ml  per  cell  culture.  Viruses  were  identified  by  the 
plaque  reduction  neutralization  test  using  monospecific  dengue 
virus  types  1,  2,  3,  and  4  antisera  prepared  in  rhesus  monkeys. 

Cell  culture  assays  were  performed  at  35°C. 

RESULTS :  Isolation  rates  for  dengue  viruses  from  plasma  and 
cellular  components  of  the  blood  of  dengue  patients,  by  the 
mosquito  inoculation  and  by  the  direct  and  delayed  plaque  assay, 
are  shown  in  Table  64.  An  analysis  of  the  variation  in  rates 
obtained  by  the  mosquito  inoculation  and  the  cell  culture  assays 
for  the  different  types  of  blood  fractions  is  presented  in 
Table  65.  A  total  of  17  virus  isolations  were  obtained  from  the 
same  plasma  fractions  by  both  the  mosquito  inoculation  and  the 
cell  culture  assays.  An  additional  seven  plasma  fractions 
yielded  virus  isolations  by  the  mosquito  inoculation  technique, 
while  one  additional  virus  isolation  was  obtained  by  the  cell 
culture  technique. 

In  contrast,  the  total  number  of  isolations  obtained  by  the 
mosquito  inoculation  and  the  cell  culture  assays  from  each  of 
the  cellular  fractions  were  comparable.  However,  there  was 
considerable  variation  in  the  two  techniques  for  detecting  virus 
in  the  same  cellular  fractions.  Forty-six  percent  of  the  virus 
isolations  from  mononuclear  cell  fractions,  43%  of  the  isolations 
from  polymorphonuclear  cells  and  33%  of  the  isolations  from 
platelet  fractions  were  not  detected  by  both  techniques.  Virus 
isolations  obtained  from  blood  fractions  only  by  cell  culture 
assay,  were  by  the  delayed  plaque  assay  technique.  Thus,  the 
mosquito  inoculation  technique  was  more  effective  than  the  direct 
plaque  assay,  but  comparable  to  the  delayed  plaque  assay  for 
obtaining  dengue  viruses  from  cellular  fractions  of  the  blood  of 
dengue  patients. 

The  variation  in  the  virus  isolation  rates  obtained  by  the  mosquito 
inoculation  and  the  cell  culture  assays  for  the  different  blood 
fractions  was  analysed  according  to  the  HI  antibody  and  the 
neutralizing  antibody  titers  of  the  patients.  Isolations  of 
dengue  viruses  only  from  plasma  by  the  mosquito  inoculation 
technique  appeared  to  be  related  to  the  antibody  titers,  especially 
HI  antibody  (Table  66).  The  geometric  mean  antibody  titer  for 
patients  from  whom  virus  isolations  were  obtained  from  the  same 
plasma  fractions  by  both  techniques  was  1:33  while  the  titer  was 
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1:352  for  patients  from  whom  viruses  were  isolated  only  by  the 
mosquito  inoculation  technique.  A  similar  relationship  was  noted 
between  HI  antibody  titers  and  the  isolation  of  dengue  viruses 
from  patients.  In  contrast,  the  variation  in  the  pattern  of  virus 
isolation  from  platelets  and  polymorphonuclear  fractions  by  the 
two  techniques  was  not  related  to  antibody  titers  of  the  patients 
(Table  67 and68) .  Isolation  of  dengue  viruses  from  mononuclear 
cell  fractions  appeared  to  be  related  to  antibody  titer  of  the 
patient,  but  the  pattern  in  regard  to  the  techniques  was  the 
opposite  of  that  observed  for  plasma  fractions  (Table  69).  Four 
virus  isolations  were  obtained  only  by  the  mosquito  inoculation 
technique  from  mononuclear  cell  fractions  of  patients  with  an  HI 
antibody  less  than  10  (in  most  cases),  while  8  isolations  were 
obtained  only  by  the  delayed  plaque  assay,  from  patients  primarily 
with  high  fixed  antibody  titers. 

Sixty-nine  adherent  and  nonadherent  cell  fractions  were  tested  for 
virus  by  the  infectious  center  assay  in  LLC-Mk2  cells.  The  rate 
of  isolation  of  dengue  viruses  by  the  above  technique  as  compared 
to  the  mosquito  inoculation  and  the  firect  and  delayed  plaque 
assay  is  presented  in  Table  70.  Isolation  rates  for  adherent  and 
nonadherent  cell  fractions  were  higher  than  those  observed  for 
other  fractions  assayed  by  either  the  mosquito  inoculation  or  the 
direct  and  delayed  plaque  assay.  However,  the  rates  were  similar 
to  those  obtained  for  mononuclear  cell  fraction  by  each  of  the 
other  techniques.  Overall  isolation  rates  for  the  mononuclear 
cell  fractions  assayed  by  both  the  mosquito  inoculation  and  the 
direct  and  delayed  plaque  assay  were  36%.  The  isolation  rates 
for  the  adherent  and  nonadherent  fractions  tested  by  the  infec¬ 
tious  center  assay  was  35%.  This  similarity  in  the  number  of 
virus  isolations  is  not  surprising  since  the  adherent  and  non¬ 
adherent  cell  originated  from  the  mononuclear  cell  fractions.  The 
only  difference  in  the  techniques  was  the  volume  of  inoculum  for 
the  infectious  center  assay  which  was  approximately  twice  that  used 
for  either  of  the  other  techniques.  The  larger  volume  of  inoculum 
may  have  been  responsible  for  the  higher  isolation  rates  associ¬ 
ated  with  the  infectious  center  assay  as  compared  to  each  of  the 
other  techniques. 

Table  71  shows  the  F.A.  assay  results  for  head  smears  of  Tx. 
splendens  in  comparison  to  the  results  of  direct  and  delayed 
plaque  assays  of  corresponding  thorax- abdomen  suspensions.  An 
exceptionally  high  correlation  was  observed  between  F.A.  virus 
positive  mosquito  heads  and  the  recovery  of  virus  from  corres¬ 
ponding  thorax- abdomen  suspensions  by  the  direct  and  delayed 
plaque  assay.  Isolation  of  dengue  viruses  from  thorax- abdomen 
suspensions  with  no  visible  fluorescence  in  corresponding  mosquito 
heads,  however,  was  observed  more  frequently.  Overall,  for  the 
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Figure  3l;Procedure  used  to  assay  fractions  of  the  blood  of  dengue  patients  for  virus 


Table  64  Dengue  Virus  Isolations  from  Plasma  and  Cellular 
Components  of  the  Blood  of  Dengue  Patients. 


_ Virus  Assay  Technique _ 

Blood  Fractions  Plaque  Assay  (%)  Tx.  splendens  Total'*’ 


Plasma 

18/116 

(16)2 

24/116 

(21) 

25/116(22) 

Mononuclear  Cells 

21/103 

(19) 

21/103 

(20) 

27/103(26) 

Polymorphonuclear 

Cells 

11/71 

(15) 

11/71 

(15) 

14/71 (20) 

Platelets 

09/64 

(14) 

10/64 

(16) 

12/64(19) 

1.  Number  of  virus  isolations  obtained  by  both  assay  techniques. 

2.  Number  of  virus  isolations/number  of  fractions  tested. 
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Table  66  Isolation  of  Dengue  Viruses  from  Plasma  of  Dengue  Patients 
by  the  Mosquito  Inoculation  Technique  and  by  the  Direct 
and  Delayed  Plaque  Assay  in  Relation  to  Hemagglutination 
Inhibition  Antibody  and  Neutralizing  Antibody  Titers. 


Technique _  Antibody  Titer 


Patients 

Day  of 

Mosquito 

Plaque  Assay 

1 

2 

Number 

Disease 

Assay 

LLC-Mk2 

HI 

PRNT 

D78-017 

4 

3 

+ 

o1 2 3 4 

640 

ND 

D78-042 

4 

+ 

0 

5120 

ND 

D78-054 

5 

+ 

0 

80 

160 

D78-059 

5 

+ 

0 

2560 

640 

D78-108 

4 

+ 

0 

80 

180 

D78-145 

5 

+ 

0 

160 

640 

D78-168 

5 

+ 

0 

80 

ND 

Ave.  4.6 

GM 

352** 

D78-080 

6 

0 

+ 

2560 

640 

D78-025 

4 

+ 

+ 

20 

ND 

D78-044 

4 

+ 

+ 

20 

32 

D78-050 

3 

+ 

+ 

10 

00 

D78-051 

5 

+ 

320 

040 

D78-052 

5 

+ 

+ 

1280 

096 

D78-069 

2 

+ 

+ 

10 

ND 

D78-078 

5 

+ 

+ 

160 

190 

D78-099 

6 

+ 

+ 

10 

35 

D78-112 

5 

+ 

+ 

10 

00 

D78-114 

2 

+ 

+ 

10 

ND 

D78-117 

3 

+ 

+ 

10 

130 

D78-132 

4 

+ 

+ 

160 

ND 

D78-133 

2 

+ 

+ 

10 

350 

D78-135 

2 

+ 

+ 

10 

ND 

D78-136 

4 

+ 

+ 

1280 

ND 

D78-157 

5 

+ 

+ 

10 

ND 

D78-159 

4 

+ 

+ 

640 

640 

Ave. 3.8 

GM 

1:33 

Total 

24 

18 

1.  Homologous  reciprocal  hemagglutination  inhibition  antibody 
titer 

2.  Homologous  reciprocal  plaque  reduction  neutralization 
antibody  titers 

3.  Virus  negative  4.  Virus  positive 

5.  Geometric  mean  titer 
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Table  67  Isolation  of  Dengue  Viruses  from  Platelet  Fractions  of 
Dengue  Patients  by  the  Mosquito  Inoculation  Isolation 
Technique  and  the  Direct  and  Delayed  plaque  Assay  in 
Relation  to  the  Hemagglutination  Inhibition  Antibody 
and  Neutralizing  Antibody  Titers. 


Technique 


Patient 

Number 

Day  of 
Disease 

Mosquito 

Assay 

LLC-Mk2  Plaque 
Assay 

Antibody  Titers 

HI  PRNT 

D78-078 

5 

+  1 

01 2 

160 

190 

D78-117 

5 

+ 

0 

10 

000 

D78-044 

4 

0 

+ 

020 

032 

D78-136 

4 

0 

+ 

1280 

ND 

D78-117 

3 

+ 

0 

10 

130 

D78-042 

6 

+ 

+ 

5120 

ND 

D78-050 

3 

+ 

+ 

10 

00 

D78-069 

2 

+ 

+ 

10 

ND 

D78-099 

6 

+ 

+ 

10 

035 

D78-114 

2 

+ 

+ 

10 

ND 

D78-133 

2 

+ 

+ 

10 

350 

D78-135 

2 

+ 

+ 

10 

ND 

Total 

10 

09 

1.  Virus  positive 

2.  Virus  negative 
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Table  68  Isolation  of  Dengue  Viruses  from  Polymorphonuclear  Cell 
Fractions  of  Dengue  Patients  by  the  Mosquito  Inoculation 
and  Direct  and  Delayed  Plaque  Assay  in  Relation  to  Hemag¬ 
glutination  Inhibition  Antibody  and  Neutralizing  Anti¬ 
body  Titers. 


Techniques 


Patient 

Number 

Day  of 
Disease 

Mosquito 

Assay 

Plaque 

Assay 

Antibody  Titers 

HI  PRNT 

D78-050 

3 

+1 

O1 2 

10 

00 

D78-055 

5 

+ 

0 

2560 

ND 

D78-097 

6 

+ 

0 

10240 

ND 

D78-042 

6 

0 

+ 

5120 

ND 

D78-044 

4 

0 

+ 

020 

32 

D78-048 

5 

0 

+ 

640 

ND 

D78-080 

6 

+ 

+ 

2560 

640 

D78-099 

6 

+ 

+ 

10 

035 

D78-112 

5 

+ 

+ 

10 

000 

D78-114 

2 

+ 

+ 

10 

ND 

D78-1 17 

3 

+ 

+ 

10 

130 

D78-133 

2 

+ 

+ 

10 

350 

D78-135 

2 

+ 

+ 

10 

ND 

D78-136 

4 

+ 

+ 

1280 

ND 

Total 

11 

11 

1.  Virus  positive 

2.  Virus  negative 
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Table  69 

Patient 

Number 

Isolation 
Fractions 
oculation 
Hemagglut: 
Antibody  1 

Disease 

of  Dengue  Viruses 
of  Dengue  Patients 
Technique  and  Cell 
[nation  Inhibition 
riters. 

Technique 

from  Mononuclear  Cell 
by  the  Mosquito  In- 
Culture  in  Relation  to 
Antibody  and  Neutralizing 

Antibody  Titers 

Mosquito 

Assay 

Plaque 

Assay 

HI 

PRNT 

D78-017 

4 

+1 

ND2 

1280 

ND 

D78-026 

6 

+ 

0 

5120 

ND 

D78-050 

3 

+ 

0 

10 

00 

D78-069 

2 

+ 

0 

10 

ND 

D78-091 

5 

+ 

0 

10 

ND 

D78-118 

2 

0 

10 

ND 

D78-009 

4 

03 

+ 

320 

ND 

D78-014 

4 

0 

+ 

2560 

ND 

D78-044 

4 

0 

+ 

20 

32 

D78-074 

6 

0 

+ 

5120 

ND 

D78-077 

5 

0 

+ 

2560 

640 

D78-108 

6 

0 

+ 

5120 

ND 

D78-025 

4 

+ 

+ 

1280 

ND 

D78-051 

5 

+ 

+ 

320 

040 

D78-078 

5 

+ 

+ 

160 

190 

D78-099 

6 

+ 

+ 

10 

035 

D78-112 

5 

+ 

+ 

10 

00 

D78-114 

2 

+ 

+ 

10 

ND 

D78-117 

3 

+ 

+ 

10 

130 

D78-132 

4 

+ 

+ 

160 

ND 

D78-133 

2 

+ 

+ 

10 

350 

D78-135 

2 

+ 

+ 

10 

ND 

D78-136 

4 

+ 

+ 

1280 

ND 

D78-145 

5 

+ 

+ 

160 

ND 

D78-1S7 

5 

+ 

+ 

10 

ND 

D78-159 

4 

+ 

+ 

640 

640 

D78-168 

5 

+ 

+ 

80 

ND 

Total  21  21 


1.  Virus  positive 

2..  Not  Done 

3.  Virus  negative 
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different  blood  fractions,  virus  was  detected  only  in  thorax- 
abdomen  suspensions  for  apprximately  one  of  every  10  virus 
isolations.  In  each  instance,  the  isolate  was  dengue  virus  type-2. 

22.  Evaluation  of  Toxorhynchites  splendens  (Dip ter a: 

Culicidae)  as  a  Bioassay  Host  for  Dengue  Viruses 

OBJECTIVES :  To  develop  a  technique  for  isolation  dengue  viruses 
employing  Toxorhynchites  splendens  and  the  direct  fluorescent 
antibody  assay. 

BACKGROUND :  This  is  a  continuation  of  an  investigation  that 
was  initiated  during  1977  to  develop  and  evaluate  the  mosquito 
assay  technique  for  detecting  and  isolating  dengue  viruses  (23). 
Previous  studies  showed  Aedes  aegypti  and  Toxorhynchites 
splendens  to  be  equally  susceptible  to  dengue  virus  infection 
following  intrathoracic  inoculation.  Additional  findings, 
however,  indicated  that,  of  the  two  species,  T.  splendens  was  a 
more  suitable  host.  The  mortality  rate  following  inoculation  of 
T.  splendens  was  substantially  lower  than  that  observed  for  Ae. 
aegypti  and  the  large  size  of  T.  splendens  as  compared  to  Ae. 
aegypti  allowed  for  a  five  fold  increase  in  the  volume  of  inoculum. 
Thus  the  number  of  mosquitoes  required  to  be  inoculated  per  specimen 
was  reduced  by  50%.  In  addition,  the  virus  yield  per  individual 
mosquito  was  consistently  higher  for  T.  spelendens  than  for  Ae. 
aegypti  The  only  disadvantage  of  using  T.  splendens  was  the 
additional  time  and  personnel  that  were  required  to  mass  rear 
this  species  as  compared  to  Ae.  aegypti. 

The  -.pecific  objective  of  this  study  was  to  determine  the  pattern 
of  replication  of  different  dengue  virus  serotypes  and/or  strains 
and  to  determine  the  earliest  post-inoculation  day  that  dengue 
virus  antigen  could  be  detected  in  the  heads  of  mosquitoes  by  the 
direct  fluorescent  antibody  technique. 

MATERIALS  AND  METHODS:  The  dengue  virus  serotypes  and  strains 
employed  are  presented  in  Table  72.  Eight  or  more  T. splendens 
were  inoculated  intrathoracicaliy  with  each  virus  dilution,  0.85 
ul  per  mosquito.  Viruses  were  diluted  in  RPMI  1640  medium  that 
was  supplemented  with  heat  inactivated  fetal  calf  serum  (FCS)  to  a 
final  concentration  of  10%,  200  units  of  penicillin/ml,  and  150  ug 
of  streptomycin/ml.  After  various  time  (days)  intervals  at  32°C, 
five  or  more  mosquitoes  were  stored  at  -70°C  for  virus  assay. 

Tissue  smears  of  individual  mosquito  heads  were  prepared  and 
examined  for  virus  antigens  by  the  direct  fluorescent  antibody 
technique . 
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Table  72  Dengue  Viruses  Used  in  Investigations  to  Evaluate 
Toxorhynchites  splendens  as  a  Bioassay  Host  for 
these  Viruses. 


Dengue  virus 
serotype 

Origin/ Date 

Host/No.  of 
passages 

Den-1 (001) 

Human/ 1975 

Mouse/ 5* 

Den- 2 (3379) 
Den-2(189-18A) 

Human/ 1974 

A.  aegypti/1978 

Mouse/ 5 

T.  splendens/1 

Den-3 (2797) 

Den-3 (2877) 

Human/ 1977 

Human/ 1977 

Mouse/ 5 

Mouse/ 5 

Den-4 (050) 

Human/ 1977 

Mouse/ 5 

* 


Stock  virus  prepared  from  infected  suckling  mouse  brain. 


Table  73  Concentrations  of  Dengue  Virus  Type-1  in  Thorax- 
abdomen  Tagmata  of  Toxorhynchites  splendens 
Determined  by  Cell  Culture  Assay  and  Detection 
of  Virus  Specific  Fluorescence  in  the  Heads  of 
the  Same  Mosquitoes  Following  Intrathoracic  Ino¬ 
culation. 


Days  after  inoculation 


T.  splendens 

3 

6 

9 

12 

15 

18 

Thorax-abdomens 

2.5* 

4.8 

1.8 

3.0 

1.0 

3.0 

3.1 

4.3 

2.2 

2.5 

2.5 

2.5 

3.5 

4.1 

1.5 

2.0 

2.0 

1.9 

2.8 

4.0 

1.6 

2.5 

2.7 

2.5 

Heads 

0/4** 

1/4 

4/4 

4/4 

4/4 

4/4 

Controls*** 

0/4 

0/4 

0/4 

0/4 

0/4 

0/4 

* 


Log  PFU/1,0  ml,  dengue-l(OOl)  per 
abdomen  tagmata  of  T.  splendens. 


individual  thorax 


Number  positive/number  assayed  by  head  squash. 


***  Not  inoculated. 
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Table  74  Concentration  of  Dengue  Virus  Type  2  Strains  in  Thorax- 
Abdomen  Tagmata  of  Toxorhynchites  splendens  Determined 
by  Cell  Culture  Assay  and  Detection  of  Virus  Specific 
Fluorescence  in  the  Heads  of  the  Same  Mosquitoes 
Following  Intrathoracic  Inoculation. 


Days  after  inoculation 


T.  splendens 

3 

6 

9 

12 

15 

18 

Thorax- abdomens 

1.3 

4.8 

5.6 

3.8 

3.5 

5.0 

0.5 

4.  5 

5.5 

4.8 

3.5 

4.2 

2.0 

5.6 

4.8 

4.5 

3.5 

4.2 

2.5 

5.3 

5.2 

3.8 

2.8 

2.8 

Heads 

0/4** 

0/4 

4/4 

4/4 

4/4 

4/4 

Controls*** 

0/4 

0/4 

0/4 

0/4 

0/4 

0/4 

*  Log10  PpU/1.0  ml,  dengue-2  (189-18A)  per  individual  thorax- 
abdomen  tagmata  of  T.  splendens. 

**  Number  positive/number  assayed  by  head  squash. 

***  Not  inoculated. 


Days  after  inoculation 


T.  splendens 

3 

6 

9 

12 

15 

18 

Thorax-abdomens 

4.5* 

5.8 

5.5 

5.1 

4.5 

5.1 

4.2 

5.7 

5.5 

4.8 

5.1 

5.2 

4.0 

6.2 

5.3 

5.5 

4.8 

5.6 

4.1 

6.4 

5.5 

5.3 

5.8 

5.1 

Heads 

0/3** 

0/4 

4/4 

4/4 

4/4 

4/4 

Controls*** 

0/4 

0/4 

0/4 

0/4 

0/4 

0/4 

*  Log  _  PFU/1.0  ml,  dengue-2  (3379)  per  individual  Thorax- 
abdomen  tagmata  to  T.  splendens. 

**  Number  positive/number  assayed  by  head  squash. 

***  Not  inoculated. 
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Table  75  Concentrations  of  Dengue  Virus  Type-3  Strains  in 
Thorax-abdomen  Tagmata  of  Toxorhynchites  splendens 
Determined  by  Cell  Cultures  Assay  and  Detection  of 
Virus  Specific  Fluorescence  in  the  Head  of  the  Same 
Mosquitoes  Following  Intrathoracic  Inoculation. 


Days  after  inoculation 


T.  splendens 

3 

6 

9 

12 

15 

18 

Thorax-abdomens 

0.0 

4.5 

1.8 

3.8 

2.5 

2.5 

2.0* 

4.2 

1.8 

2.5 

3.5 

2.5 

2.5 

3.9 

4.0 

3.8 

2.5 

4.0 

0.5 

3.5 

2.5 

3.3 

2.8 

2.8 

Heads 

0/4** 

0/4 

3/4 

3/4 

4/4 

4/4 

Controls"1** 

0/4 

0/4 

0/4 

0/4 

0/4 

0/4 

*  Log10  PFU/1.0  ml,  dengue-3  (2797)  per  individual  thorax- 
abdomen  tagmata  of  T.  splendens. 

**  Number  positive/ number  assayed  by  head  squash. 

***  Not  inoculated. 


Days  after  inoculation 


T.  splendens 

3 

6 

9 

12 

15 

18 

Thorax-abdomens 

3.5* 

1.5 

4.0 

4.0 

4.0 

2.5 

2.5 

2.8 

4.5 

3.1 

3.2 

4.8 

2.0 

0.7 

4.2 

3.3 

ND** 

2.8 

3.0 

2.0 

4.3 

2.5 

ND 

3.8 

Heads 

0/4*** 

0/4 

0/4 

4/4 

4/4 

4/4 

Controls**** 

0/4 

0/4 

0/4 

0/4 

0/4 

0/4 

*  Log...  dengue-3  (2877)  per  individual  thorax- 

abdomen  tagmata  of  T.  splendens. 

**  Not  done. 

***  Number  positive/number  assayed  by  head  squash. 

****  Not  inoculated. 


( 


1253 


Table  76  Concentrations  of  Dengue  Virus  Type  4  in  Thorax- 
abdomen  Tagmata  of  Toxorhynchites  splendens  De¬ 
termined  by  Cell  Culture  Assay  and  Detection  of 
Virus  Species  Fluorescence  in  the  Head  of  the 
Same  Mosquitoes  Following  Intrathoracic  Inocula¬ 
tion. 


Days  after  inoculation 


T.  splendens 

3 

6 

9 

12 

15 

18 

Thorax- abdomens 

3.8* 

4.7 

2.3 

3.0 

2.5 

4.1 

4.3 

5.1 

2.5 

4.1 

3.8 

5.0 

3.5 

4.7 

2.5 

3.8 

3.8 

4.1 

3.8 

4.6 

2.6 

3.8 

3.3 

3.5 

Heads 

0/4** 

0/4 

2/4 

4/4 

4/4 

4/4 

Controls*** 

0/4 

0/4 

0/4 

0/4 

0/4 

0/4 

*  Log  PFU/1.0  ml,  dengue-4  (050)  per  individual  thorax- 
abdomen  tagmata  of  T.  splendens. 

**  Number  positive/number  assayed  by  head  squash 

***  Not  inoculated. 
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Figure  36  Perinuclear  Fluorescence  in  Ganglia  Cells  of  Toxorhynchites 
splendens  Inoculated  with  Dengue  Virus  Type  1. 


Figure  37  Perinuclear  Fluorescence  in  Ganglia  Cells  of  Toxorhynchites 
splendens  Inoculated  with.  Dengue  Virus  Type  2. 
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Figure  38  Perinuclear  Fluorescence  in  Ganglia  Cells  of 

Toxorhynchites  splendens  Inoculated  with  Dengue 
Virus  Type  3. 


>  o 


*  * 


Figure  39  Perinuclear  Fluorescence  in  Ganglia  Cells  of 

Toxorhynchites  splendens  Inoculated  with.  Dengue 
Virus  Type  4. 
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Figure  40  Absence  of  Perinuclear  Fluorescence  in  Ganglia  Cells 
of  Toxorhynchites  splendens  that  was  not  Inoculated 
with.  Dengue  Viruses. 


1259 


I 


I 

> 

! 


The  corresponding  thorax- abdomen  tagmata  for  the  mosquito  heads 
were  triturated  individually  by  sonic  energy  in  the  presence 
of  1.5  ml  of  RPMI  1640  medium,  10%  FCS,  500  units  of 
penicillin/ml  and  50  ug  of  streptomycin/ml.  Resultant  suspensions 
were  centrifuged  for  30  minutes  at  10,000  rpms  in  a  4°C  centrifuge. 
Logjo  dilutions  were  prepared  of  each  suspension  and  assayed  for 
virus  in  LLC-Mk2  cells  by  the  direct  plaque  assay  technique. 

Control  mosquitoes  that  received  virus  diluting  medium  were 
assayed  as  described  above.  Methods  used  to  assay  mosquitoes  by 
the  direct  fluorescent  antibody  and  by  the  direct,  plaque  assay 
for  dengue  viruses  are  presented  in  this  Annual  Progress  Report. 

RESULTS :  The  quantity  of  dengue  virus  recovered  from  individual 
mosquitoes  following  intrathoracic  inoculation  is  presented  in 
Tables  73,74,75and76.  As  shown  in  these  tables,  dengue  virus 
antigen  could  not  be  detected  in  mosquito  heads  until  or  after 
virus  levels  had  reached  maximum  titers.  An  incubation  period 
of  9  days  or  less  was  required  for  the  detection  of  virus  antigen 
in  heads  of  all  mosquitoes  inoculated  with  dengue  1  and  2  sero¬ 
types.  No  difference  was  noted  in  the  time  required  for  dengue 
virus  antigen  to  appear  in  mosquito  heads  for  the  two  strains  of 
dengue  2  virus. 

The  time  required  for  the  appearance  of  virus  antigen  in  heads 
of  mosquitoes  inoculated  with  dengue  3  and  dengue  4  viruses  ranged 
from  9  to  12  days.  Of  the  two  dengue  3  virus  strains,  antigen 
was  detected  in  3  of  4  mosquito  heads  for  virus  #2797  on  day  9 
post  inoculation,  while  antigen  could  not  be  detected  after  the 
same  incubation  period  in  heads  of  mosquitoes  that  were  inoculated 
with  virus  #2877.  In  contrast  to  dengue  virus  serotypes  1  and  2, 
the  data  indicate  that  dengue  3  and  dengue  4  virus  infected 
T.  splendens  should  be  retained  for  12  or  more  days  in  order  to 
insure  the  presence  of  virus  antigen  in  the  mosquito  heads. 
Figures36-40show  the  perinuclear  fluorescence  in  ganglia  cells  of 
T.  splendens  infected  with  dengue  1,2,3  and  4  viruses  and  the 
absence  of  fluorescence  in  cells  of  mosquito  head  that  was  not 
inoculated  with  dengue  viruses. 

The  results  of  a  study  conducted  during  1978  to  compare  T.  splendens 
with  LLC-Mk2  cells  for  isolating  dengue  viruses  from  clinically 
diagnosed  dengue  hemorrhagic  fever  patients  are  presented  in 
another  section  of  this  Annual  Progress  Report.  This  is  a  final 
report,  as  the  development  of  the  mosquito  assay  for  dengue  viruses 
employing  T.  splendens  has  been  accomplished. 
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23.  Evaluation  of  the  C6/36  Aedes  albopictus  Cell  Line 
as  a  Substrate  for  Dengue  Virus  Growth 

OBJECTIVE :  To  evaluate  the  utility  of  the  C6/36  Aedes  albopictus 
cell  line  as  a  substrate  for  dengue  virus  growth. 

BACKGROUND :  Difficulty  is  often  encountered  in  attempting  to 
raise  infectivity  titers  of  newly  isolated  dengue  virus  strains 
by  repeated  passage  in  either  LLC-Mk2  cells  or  suckling  mouse 
brain  (SMB).  Recently,  a  new  mosquito  cell  line,  the  C6/36  Aedes 
albopictus  cell  line  (137) ,  was  developed  with  the  express  goal 
of  increased  sensitivity  and  yield  specifically  for  dengue  viruses. 
This  line  was  derived  by  cloning  A.  albopictus  (Singh)  cells  in 
media  containing  anti-Chukungunya  antibody  in  order  to  circumvent 
problems  with  chronic  chikungunya  virus  infection  encountered 
in  other  mosquito  cell  lines.  A  clone  of  cells  (clone  6)  which 
produced  the  highest  yield  of  dengue  viruses  compared  to  other 
clones  was  then  selected;  this  clone  was  then  recloned  and  the 
most  sensitive  sub-clone  (Co/36)  selected  to  start  the  line.  The 
C6/36  cell  line  is  reported  to  show  a  cytopathic  response  to 
dengue  virus  infection,  and  may  permit  virus  yields  sufficiently 
high  to  allow  for  virus  identification  by  the  plaque  reduction 
neutralization  (PRNT)  method.  We  elected  to  test  the  line  using 
suckling  mouse  brain  seeds  of  prototype  dengue-1, -2, -3, -4  viruses. 
To  investigate  if  the  line  was  also  sensitive  to  virus  with 
passage  histories  other  than  suckling  mouse  brain,  we  also  tested 
a  D2  mosquito  passage  seed  and  a  dengue  type  2  LLC-Mk2  tissue 
culture  seed. 

METHODS :  Viruses:  The  following  virus  strains  were  tested  for 
growth  in  C6/36  cells:  Dengue  virus  type  2  (Den-2)  New  Guinea  B 
strain  at  29th  passage  in  suckling  mouse  brain;  Den- 2  local  strain 
(24742-74)  isolated  from  the  plasma  of  a  dengue  hemorrhagic  fever 
patient  (1974),  at  the  10th  passage  in  LLC-Mk2  cells;  Den-2  local 
strain  passed  once  in  Toxorhynchites  mosquitoes;  Den-1  Hawaiian 
strain  at  the  15th  passage  in  suckling  mouse  brain  (SMB) ;  Den-3 
H-87  strain  at  the  25th  passage  in  SMB;  Den-4  H-241  strain  at  31st 
passage  in  SMB. 

Cells:  C6/36  cells  at  the  sixth  passage  level  were  obtained 
from  Dr.  Nathirat  Sankavipa  at  the  Virus  Research  Institute  in 
Bangkok.  C6/36  cells  were  grown  in  RPMI  1640  with  10%  inactivated 
fetal  calf  serum  at  28°C.  LLC-Mk2  cells  were  grown  in  Medium- 199 
with  15%  calf  serum  at  35°C. 
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Table 


Virus 

Strain 


D2SMB 


D2-LLC 


77  Yields  of  LLC-Mk2  Cell  Cultures  and  C6/36  Cell  Cultures 
Inoculated  with  Dengue  2  Virus  Seeds  (SMB,LLC-Mk2,  or 
Mosquito) . 


Inoculum  LLC-M,k,2_YMd. 

(PFU/0. 2ml)  Day  PFU/0.2ml  HA 


C6/36  Yield 
PFU/0. 2ml  HA 


!05 

7 

3  x 

4* 

10 

0 

4.8 

X 

106 

128 

11 

- 

- 

4.5 

X 

10* 

106 

256 

15 

- 

- 

1.2 

X 

0 

io4 

7 

1.2  x 

3* 

10 

0 

1.3 

X 

10* 

32 

11 

- 

- 

2.1 

X 

105* 

128 

15 

- 

- 

6 

X 

10 

0 

io3 

7 

3  x 

3* 

10 

0 

3 

X 

106 

0 

11 

- 

- 

2.1 

X 

106* 

10b 

128 

15 

- 

- 

1.3 

X 

0 

102 

7 

3  x 

4* 

10 

0 

9 

X 

10S6 

0 

11 

- 

- 

1.2 

X 

ft* 

16 

15 

- 

- 

7.5 

X 

0 

10 

7 

8  x 

3* 

10 

0 

1.2 

X 

105 

0 

11 

- 

- 

1.5 

X 

ft 

A  U,Z* 

IO'5 

0 

13 

- 

- 

5.7 

X 

16 

15 

- 

- 

6 

X 

0 

1 

7 

6  x 

3* 

10 

0 

1.8 

X 

103* 

IO'5 

0 

15 

- 

- 

4.8 

X 

0 

io"1 

7 

0 

0 

4.5 

102* 

0 

15 

- 

- 

6 

X 

0 

5  x 

io3 

7 

4  x 

4* 

10 

0 

3 

X 

lof 

128 

11 

- 

- 

3 

X 

1°6* 

128 

15 

- 

4* 

10 

- 

9 

X 

iob 

0 

5  x 

102 

7 

5.5  x 

0 

3 

X 

105 

0 

11 

- 

- 

7.5 

X 

106* 

10 

32 

15 

- 

- 

5.1 

X 

0 

5  x 

10 

7 

8  x 

io4* 

0 

4.5 

X 

105 

16 

11 

- 

- 

3 

X 

io3 

32 

15 

- 

- 

4.3 

X 

106 

0 
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Table  77  Continued 

Virus  Inoculum 

Strain  (PFU/0.2ml) 

Day 

LLC-Mk2  Yield 

C6/36  Yield 

PFU/0.2  ml 

HA 

PFU/0. 2ml 

HA 

D2-LLC-Mk2  S 

7 

6  x  IO4 

0 

6  x  IO2 

0 

11 

- 

- 

2.7  x  10° 

32 

IS 

- 

- 

3.9  x  IO5 

0 

S  x  10'1 

7 

4* 

2  x  10 

0 

3  x  102 

8 

11 

- 

- 

3  x  10* 

0 

IS 

- 

- 

9  x  106 

0 

s  x  io'2 

7 

2* 

6  x  i<r 

0 

!22 

11 

- 

- 

IO- 

0 

15 

- 

- 

IO2 

0 

S  x  io"3 

7 

* 

0 

0 

0 

0 

11 

- 

- 

°2* 

0 

15 

- 

- 

102 

0 

D2-Mosq.  4  X  103 

7 

ND 

8.7  x  10* 

64 

11 

4.5  x  10^ 

0 

15 

3  x  10 

0 

4  x  IO2 

7 

3.6  x  10* 

128 

9 

6  x  IO1’ 

0 

13 

4.5  x  10 

0 

IS 

Contain 

4  x  10 

7 

1.5  x  IO4 

0 

9 

6  x  10 

0 

13 

7.5  x  10 

0 

15 

Contam 

4 

7 

1.5  x  IO4 

0 

9 

1.2  x  10* 

0 

11 

9  x  10* 

0 

15 

1.5  x  10S 

0 

4  x  IO'1 

7 

1.5  x  IO"3 

0 

11 

2.4  x  io;* 

0 

15 

6  x  102 

0 

-2 

4  x  10 

7 

0 

0 

11 

0 

0 

15 

0 

0 

*  =■  After  one  freeze 

-  thaw  cycle  of  cells 
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Table 


Virus 

Strain 


D1SM 


78A  Yield  of  C6/36  Cell  Cultures  Inoculated  with 
D1  SMB  Seed. 


Inoculum  - C6/^6_Yield 


xuuwuium 

PFU/0.2  ml 

Day 

PFU/ 0.2ml 

HA 

2  x  104 

7 

5  x  104 

64 

9 

1  x  104 

128 

12 

3  x  10J 

64 

IS 

2  x  104 

0 

2  x  103 

7 

4 

5  x  107 

64 

9 

1  x  104 

128 

12 

6  x  10* 

64 

15 

1  x  104 

0 

2  x  102 

7 

2  x  104 

32 

9 

3  x  104 

128 

12 

2  x  104 

32 

15 

Contam 

2  x  10 

7 

1  x  101 

32 

9 

1  x  104 

64 

12 

1  x  104 

32 

15 

1  X  10 

0 

2 

7 

2  x  103 

0 

9 

2  x  104 

0 

12 

1  x  10* 

0 

15 

5  x  10* 

0 

-1 

2  x  10 

7 

10 

0 

9 

2  x  io; 

0 

12 

1  X  10, 

0 

15 

1  x  10 * 

0 

-2 

2  x  10 

7 

0 

0 

9 

5  x  10? 

0 

12 

1  x  10 

0 

15 

8  x  10 

0 
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Table  78B  Yield  of  C6/36  Cell  Cultures  Inoculated  with  D3  SMB 
Seed. 


Virus  Inoculum 

Strain  PFU/0.2ml  Day 


_ C6/36  Yield 

PFU/ 0.  2  ml  HA 


D3SM  2  x  103 


2  x  102 


2  x  10 


2 


2  x  10 


-2 

2  x  10 


2  x  10'3 


7 

9 

12 

IS 

7 

9 

12 

15 

7 

9 

12 

15 

7 

9 

12 

15 

7 

9 

12 

15 

7 

9 

12 

15 


4 

1  x  10* 
2.5  x  io4 

5  x  103 
Contam 

2  x  10! 

2.5  x  104 

5  x  103 
Contam 

6  x  103 
1  x  10, 

1.6  x  102 
Contam 


4. 

2  x  103 
Contam 

2  x  10!l 

8  x  104 
6  x  10 
Contam 

1.4  x  10^ 
5  x  10, 
1  x  103 
Contam 


7  4  x  10? 

9  1  x  10, 

12  6.8  x  102 

15  Contam 


0 

0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 

0 


0 

0 

0 


0 

0 

0 


0 

0 

0 
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Table  78C  Yield  < 

of  C6/36  Cell 

Cultures  Inoculated 

with 

D4  SMB 

Seed. 

Virus  Inoculum 

C6/36  Yield 

Strain  PFU/0.2ml 

Day 

PFU/0.2  ml 

HA 

D4  SM  4  x  106 

7 

3  x  loj 

8 

9 

3  x  10, 

8 

11 

3  x  10^ 

0 

4  x  105 

7 

5  x  104 

8 

9 

3  x  107 

64 

11 

1.8  x  104 

0 

4  x  104 

7 

4  x  104 

0 

9 

4  x  104 

64 

11 

6  x  104 

0 

4  x  103 

7 

1.3  x  104 

0 

9 

S  x  104 

0 

11 

6  x  10 

0 

4  x  102 

7 

6  x  103 

0 

9 

3  x  104 

0 

11 

1.8  x  10H 

0 

4  x  10 

7 

6  x  102 

0 

9 

1.2  x  10, 

0 

11 

8  x  10 

0 

4 

7 

5  x  10^ 

0 

9 

1.6  x  lO1* 

0 

11 

6  x  10 

0 

-1 

4  x  10 

7 

4.5  x  102 

0 

9 

2  x  10, 

0 

11 

1  x  10 

0 

-2 

4  x  10 

7 

0 

0 

9 

0 

0 

11 

0 

0 
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Virus  growth  curves:  Confluent  cell  monolayers  in  one  ounce 
bottles  were  inoculated  with  0.1  ml  aliquots  of  selected  dilutions 
of  each  virus,  and  then  incubated  for  two  hours.  The  cultures 
were  then  replenished  with  3  ml  RPMI  1640  with  5%  inactivated 
fetal  calf  serum  and  placed  at  35°C  for  LLC-Mk2  and  28°C  for  C6/ 

36  cell  cultures.  Half  of  the  medium  was  removed  on  each  sampling 
day  and  replaced  with  new  medium.  The  withdrawn  fluid  was 
titrated  for  infectivity  and  HA  activity. 

LLC-Mk2  cultures  and  C6/36  cultures  were  subjected  to  a  freeze 
and  thaw  cycle  in  3  ml  of  media  on  day  7  and  15,  respectively, 
and  the  resultant  suspension  were  then  assayed  for  intracellular 
virus. 

Assays  for  infectivity  titer  were  done  on  LLC-Mk2  cells  in  micro¬ 
cultures  in  24  well  plastic  micro-culture  plates;  HA  activity  was 
assayed,  without  extraction,  by  standard  methods. 

RESULTS :  Simultaneous  titration  of  the  prototype  D2  SM  seed 
(D2NGC  SM29)  on  LLC-Mk2  cells  and  C6/36  cells  showed  that  both 
the  sensitivity  and  yield  of  the  C6/36  cells  were  superior  for 
this  virus  (Table  77). A  maximum  yield  of  lO^PFU/ml  was  obtained 
on  C6/36  cells,  as  compared  to  a  yield  of  105*2pFU/ml  on  LLC-Mk2 
cells.  In  addition,  an  HA  titer  of  up  to  1:256  per  0.025  ml 
was  present  in  the  tissue  culture  supernatant  fluid  from  the 
C6/36  cells.  Similarly  good  yields,  sensitivity,  and  HA  produc¬ 
tion  were  also  obtained  with  the  LLC-Mk2  passed  virus  D2  strain 
and  the  mosquito  passed  D2  strain  (Table  77).  At  similar  inoculum 
doses  of  approximately  10^PFU/0.2  ml,  all  three  strains  gave  peak 
yields  of  lO^PFU/ml  and  peak  HAI  titers  of  1:64  to  1:128. 

The  C6/36  cell  line  also  supported  the  growth  of  Dl,  D3,  and  D4 
suckling  mouse  brain  seeds;  however,  peak  infectivity  titers 
were  lower  than  with  we  found  with  D2  and  also  lower  than  pre¬ 
viously  reported  by  other  workers  for  Kl,  D3,  and  D4  (137). 

Tables  78A,  B,  C) .  Peak  HA  titers  found  were  1:128  and  1:64  for 
Kl  and  D4  respectively;  no  HA  activity  was  detected  in  the  cell 
culture  fluid  from  C6/36  cells  inoculated  with  the  D3  SMB  seed. 

24.  Isolation  of  Dengue  Viruses  from  Aedes  aegypti  Collected 
in  Bangkok,  Thailand 

OBJECTIVE :  To  isolate  dengue  viruses  from  ke_.  aegypti  for 
studies  of  the  biological  and  antigenic  properties  of  these 
viruses. 
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BACKGROUND :  Studies  in  progress  to  characterize  antigenic  and 
biological  properties  of  wild  dengue  viruses  required  field 
collections  of  strains  of  these  viruses.  According  to  previous 
findings,  dengue  viruses  can  be  isolated  from  Aedes  aegypti 
collected  in  and  around  homes  of  dengue  hemorrhagic  fever  (DHF) 
patients  (138).  The  isolation  rate  observed  during  investigations 
conducted  at  Koh  Samui,  Thailand,  during  1968  was  1  isolate  for 
every  19  female  Ae.  aegypti  assayed.  Similar  attempts  were  made 
during  1976  to  isolate  dengue  viruses  from  homes  of  DHF  patients 
in  Bangkok;  however,  the  isolation  rate  was  only  one  dengue 
virus  isolation  from  over  200  Ae.  aegypti  collected  from  homes 
(139). 


MATERIALS  AND  METHODS:  Adults  and  immature  Aedes  aegypti  and 
Culex  species  mosquitoes  were  collected  during  the  latter  months 
of  1978  and  during  1979  in  the  homes  of  DHF  patients  in  Bangkok. 
Male  and  immature  Ae.  aegypti  were  collected  for  dengue  virus 
transovarial  transmission  studies  described  in  another  section  of 
this  Annual  Progesss  Report.  The  mosquito  collecting  team  in¬ 
cluded  the  principal  investigator,  one  entomology  technician  and 
a  nurse.  The  collecting  period  was  approximately  one  hour  for 
each  house  and  all  mosquito  collections  were  made  between  1330  and 
1530  hours.  Individual  female  Ae.  aegypti  mosquitoes  were 
captured  in  2  x  3  cm  vials  while  attempting  to  feed  on  members 
of  the  collecting  team.  Culex  species  were  captured  while  resting 
on  the  walls  primarily  of  bathrooms  in  vials  similar  to  that  used 
for  Ae.  aegypti . 


Mosquitoes  were  transported  to  the  Laboratory  where  they  were 
identified  and  subsequently  processed  for  virus  isolation  studies. 
Engorged  mosquitoes  were  retained  in  individual  vials  until  eggs 
were  laid.  A  5%  sucrose  solution  was  provided  to  mosquitoes 
continuously.  Individual  mosquitoes  were  triturated  in  a  sterile 
tissue  grinder  in  the  presence  of  1.0  ml  of  RPMI  1640  medium  that 
contained  10%  fetal  calf  serum  (FCS),  500  units  of  penicillin/ml 
and  500  ug  of  streptomycin/ml.  The  pH  of  the  medium  was  adjusted 
to  8.2-8. 4  by  adding  7.5%  NaHCO?.  Mosquito  suspensions  were 
centrifuged  for  30  minutes  at  4°C  at  1000  rpm.  The  supernatant 
of  each  suspension  (0.3  ml)  was  inoculated  onto  confluent  monolayers 
of  LLC-Mk2  cells,  two  cultures  per  specimen,  one  for  direct  ana  one 
for  delayed  plaque  assay.  Cell  cultures  were  maintained  at  35°C. 
Some  suspensions  were  also  assayed  for  virus  by  intrathoracic 
inoculation  of  Toxorhynchites  splendens  that  were  maintained  at 
32°  C, 
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Table  79  Summary  of  Data  Concerning  the  Isolation  of  Dengue 

Viruses  from  Aedes  aegypti,  Bangkok,  Thailand,  1978-79. 


Collection  Number  of  Number  of  No.  Positive/ 

Date _ Collections _ Mosquitoes _ No .  tested 


Sept 

78 

2* 

16 

2/16 

Oct 

78 

2 

36 

0/36 

Jan 

79 

4 

22 

0/22 

Feb 

79 

1 

03 

2/03 

Mar 

79 

2 

07 

2/07 

Apr 

79 

3 

04 

0/04 

May 

79 

2 

13 

0/13 

Jun 

79 

3 

42 

0/42 

Jul 

79 

3 

25 

1/25 

22 

168 

7/168(1:22.4)’ 

*  Number  of  houses  surveyed  for  mosquitoes 

**  One  Ae.  aegypti  per  22.4  mosquitoes  tested  yielded  a  dengue 
virus  isolation. 
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Table  80  Dengue  Viruses  Isolated  from  Aedes  aegypti  Collected  in 
Homes  of  Dengue  Hemorrhagic  Fever  Patients  in  Bangkok, 
Thailand,  1978-1979. 


Date  Mosquitoes  Houses  Cases  No.  Mosq.  No.  Positive/  Virus 


Collected 

Number 

Number 

Collected 

No.  tested 

Identity 

20  Sept  78 

189 

D78-091 

14 

2/14 

Den- 2 

28  Feb  79 

008 

D79-016 

02 

2/2 

Den- 2 

16  Mar  79 

434/8 

D79-024 

08 

2/8 

Den- 2 

19  Jul  79 

35/42 

D79-076 

18 

1/18 

Den- 2 

Table  81 

Virus 

Stock 

Infectivity  Titers  of  Reference 
Type- 2  Strains  in  LLC-Mk2  Cells 
splendens. 

Date  Passage 
Isolated  Source  History 

Stocks  of  Dengue  Virus 
and  in  Toxorhynchites 

Infectivity  titers 
LLC-Mk2  cells*** 

Den- 2 

20 

Sept78  Ae. aegypti 

Ae-2* 

ND  _ 

(78- 091 A) 

Ae-1, TS-1**  2.5x10 

Den- 2 

20 

Sept78  Ae. aegypti 

Ae-2 

ND  , 

(78-091B) 

Ae-1, TS-1 

1.0x1 05 

Den- 2 

28 

Feb  79  Ae.  aegypti 

Ae-2 

3 . 0x1 04 

(79- 016- IF) 

Ae-1, TS-1 

20x1 04 

Den- 2 

28 

Feb  79  Ae.  aegypti 

Ae-2 

7.0x10*1 

(79-016- 2F) 

Ae-1, TS-1 

2.0xl04 

Den- 2 

16 

Mar  79  Ae.  aegypti 

Ae-2 

1.0x10*! 

(79-024-11F) 

Ae.l,TS-l 

3. OxlO4 

Den- 2 

16 

Mar  79  Ae.  aegypti 

Ae-2 

5.0x10^ 

(79-024-13F) 

Ae-1, TS-1 

3.0x10^ 

Den- 2 

19 

Jul  79  Ae.  aegypti 

Ae-2 

ND 

(79- 076- IF) 

Ae-1, TS-1 

*  Ae-2  indicates  that  the  virus  had  received  one  passage  in 
Ae.  aegypti  after  original  isolation  from  Ae.  aegypti. 

**  Ae-1,  TS-1  indicate  that  the  virus  had  received  one  passage 

in  T.  splendens  after  original  isolation  from  Ae.  aegypti. 

***  Plaque  forming  units/ 0.3  ml. 


1271 


Virus  isolates  were  identified  by  plaque  reduction  neutralization 
tests  employing  dengue  virus  specific  antiserum.  Stock  viruses 
of  each  isolate,  using  original  mosquito  suspensions, were  pre¬ 
pared  in  Ae.  aegypti  and  in  Tx.  splendens  and  if  possible,  in 
LLC-Mk2  cells. 

RESULTS :  Ae .  aegypti  were  collected  from  a  total  of  24  houses 
during  September  1978  through  July  1979  (Table  79).  Of  the  24 
houses,  the  patients  from  22  were  proven  dengue  virus  infection. 
Collections  were  made  on  the  average  of  6.5  days  (range  1-21  days) 
after  patients  were  admitted  to  the  Children's  Hospital.  Dengue 
viruses  were  isolated  from  Ae.  aegypti  collection  in  4  of  the 
22  houses  or  1  virus  isolated  per  5.5  houses.  The  results  of  virus 
isolation  attempts  from  Ae.  aegypti  are  presented  in  Table  79.  A 
total  of  seven  dengue  virus  type-2  isolates  were  made  from  168 
individually  assayed  mosquitoes.  Multiple  isolations  were 
obtained  from  3  of  the  4  houses  that  yielded  infected  mosquitoes. 
Also,  dengue-2  virus  was  isolated  from  patients  who  resided  in  2 
of  the  4  houses.  A  summary  of  information  concerning  virus 
isolations  is  presented  in  Table  3C.  All  mosquitoes  were  assayed 
by  direct  and  delayed  plaque  assay  in  LLC-Mk2  cells,  while  71  of 
the  157  were  assayed  in  Tx.  splendens.  The  same  dengue  viruses 
that  were  isolated  in  LLC-Mk2  cells  were  also  isolated  in 
Tx.  splendens.  Each  of  the  seven  isolates  were  reisolated  from 
the  original  mosquito  suspensions. 

Stock  viruses  of  isolates  were  prepared  in  Ae..  aegypti,  Tx. 
splendens  and  when  possible  in  LLC-Mk2  cells  employing  the 
original  mosquitoes  as  inoculum.  A  list  of  stock  viruses  and 
history  of  each  stock  is  presented  in  Table  81, 

25.  Longevity  and  Developmental  Studies  of  Aedes  aegypti 

OBJECTIVE:  To  determine  the  seasonal  longevity  and  developmental 
rates  of  Aedes  aegypti. 

BACKGROUND:  Previous  population  dynamics  studies  of  Aedes  aegypti 
in  Bangkok  did  not  reveal  a  significant  relationship  between  the 
survival  rate  of  this  mosquito  and  the  seasonal  variation  in 
prevalence  of  human  dengue  virus  infections  (140) .  Recent 
observations  suggest  that  the  prevalence  of  dengue  virus  infec¬ 
tions  during  the  rainy  season  may  be  related  to  environmental 
factors  occurring  during  the  preceding  cool  season  (141).  Since 
the  development  time  and  survival  of  Ae.  aegypti  are  markedly 
influenced  by  temperature  (142,  143),  field  and  laboratory 
investigations  on  temperature  and  humidity  were  initiated  to 
reconsider  this  aspect  of  the  population  dynamics  of  aegypti 
in  Bangkok. 


METHODS :  Aedes  aegypti  longevity  and  developmental  studies  were 
conducted  in  a  house  located  in  the  Din  Daeng  study  area  and  in 
environmental  chambers  in  the  Department  of  Medical  Entomology, 
AFRIMS.  Hereafter  the  house  will  be  referred  to  as  the  field 
house.  Aedes  aegypti  larvae  were  collected  from  14  houses  in  the 
Din  Daeng  study  area  (23)  during  the  latter  part  of  December 
1978,  and  again  during  the  latter  part  of  May  1979,  to  provide 
mosquitoes  for  studies  during  the  cool  and  hot  seasons,  respec¬ 
tively,  Larvae  were  reared  in  the  field  house  and  adults  were 
allowed  to  feed  on  hamsters  to  provide  Fj  eggs.  Eggs  were 
hatched  and  200  larvae  were  transferred  to  each  of  3  plastic  trays 
(20  cm  x  26  cm  x  4.5  cm)  that  contained  1000  ml  of  water.  In 
addition,  200  larvae  were  placed  in  each  of  4  ceramic  water  (ong) 
jars  (28  1.)  that  contained  12  1.  of  water.  Before  adding  water 
to  the  4  ong  jars,  each  jar  was  washed  thoroughly  and  scoured 
with  a  steel  brush  to  eliminate  any  extraneous  aegypti  eggs. 

Water  came  from  a  large  ong  jar  used  by  a  family  for  storing  tap 
water  for  everyday  use. 

Aedes  aegypti  found  in  the  water  source  jar  were  removed  from  the 
water  before  it  was  added  to  the  experimental  water  containers. 

A  thin  layer  of  sediment  settled  out  of  the  water  in  each 
experimental  container.  Sediment  was  also  observed  in  ong  jars 
in  houses  throughout  in  Din  Daeng  study  area  and  in  larval  pans 
in  the  7th  floor  insectary  of  the  main  AFRIMS  laboratory. 
Apparently,  the  sediment  comes  from  the  tap  water,  and  it  probably 
serves  as  a  food  source  for  aegypti  larvae.  Beside  testing  the 
survival  of  200  larvae  each  in  2  test  ong  jars  with  this  water 
(without  added  food) ,  one  gram  of  ground  mouse  chow  was  placed 
in  each  of  the  3  trays  and  the  2  remaining  ong  jars  containing 
larvae. 

Each  day  the  water  temperature  was  recorded  and  the  containers 
were  checked  for  pupae.  Pupae  were  removed  daily,  counted  and 
transferred  to  water  in  screened  paper  cups  for  retaining  emerging 
adults. 

The  longevity  studies  were  initiated  with  newly  emerged  Fj 
generation  aegypti.  Males  and  engorged  and  unengorged  females 
were  transferred  to  paper  cups,  10  per  cup  and  placed  on  the 
floor  along  the  walls  of  each  room  of  the  field  house.  Cotton 
saturated  with  a  5%  sucrose  solution  was  provided  continuously 
to  mosquitoes.  An  oviposition  substrate  was  provided  for  some 
of  the  engorged  mosquitoes.  The  number  of  surviving  mosquitoes 
was  recorded  daily.  A  hygrothermograph  was  used  for  recording 
temperature  and  humidity. 
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Aedes  aegypti  eggs  from  the  same  mosquitoes  that  provided  eggs 
for  the  studies  in  the  field  house  were  used  as  a  source  of 
mosquitoes  for  laboratory  studies.  In  addition,  aegypti  from 
three  different  laboratory  colonies  were  employed.  The  latter 
mosquitoes  were  included  for  comparative  data  on  the  rate  of 
development  and  to  study  the  effects  of  temperature  on  the 
isoenzyme  profile  of  the  different  strains  as  reported  elsewhere 
in  this  Annual  Report.  Eggs  were  hatched  and  200  larvae  each 
were  placed  in  plastic  trays,  each  containing  1000  ml  of  water. 

One  gram  of  ground  mouse  chow  was  added  to  each  tray. 

Larvae  were  placed  in  environmental  chambers  that  were  maintained 
at  approximately  20°  and  35°C.  Selection  of  temperature  was 
based  on  extreme  minimum  and  maximum  temperatures  that  occur  in 
Bangkok.  Daily  records  were  maintained  for  tempera tures,  the 
number  of  pupae  and  the  number  of  adults  that  emerged  for  each 
strain  as  described  for  the  Din  Daeng  field  house  studies. 

RESULTS :  The  development  and  longevity  of  immature  aegypti  reared 
in  the  Din  Daeng  field  house  during  the  winter  season  are  summa- 
,  rized  in  Table  82.  The  development  of  first  stage  larvae  to  adults 
in  ong  jars  with  food  was  rapid,  with  50%  of  males  and  50%  of 
females  emerging  within  6.4  to  6.9  days.  In  the  jars  with  food, 
the  survival  rate  from  first  stage  larva  to  adult  was  high,  0.92 
and  0.85  for  each  of  two  replicates  of  200  larvae.  In  contrast, 
the  time  required  for  emergence  of  50%  of  adults  from  larvae 
reared  in  one  ong  jar  without  food,  ranged  from  15  to  18.1  days 
for  males  and  females,  respectively.  Also,  the  survival  (0.56)  of 
immatures  was  much  lower  than  that  of  larvae  reared  in  jars 
supplemented  with  food.  Developmental  studies  of  200  Ae.  aegypti 
larvae  in  the  other  ong  jar  not  supplemented  with  food  were 
aborted  due  to  predation  by  Toxorhynchites  splendens  larvae. 

Figures41  and42  shows  the  pattern  of  development  and  of  emergence 
of  immatures  reared  with  and  without  food  added  to  the  ong  jars. 
The  prolonged  period  and  sporadic  pattern  of  ^mergence  of  aegypti 
reared  in  the  jar  not  supplemented  with  food  is  consistent  with 
data  for  emerging  adults  trapped  during  population  density  studies 
reported  elsewhere  in  this  Annual  Report.  This  suggests  that  the 
availability  of  food  is  an  important  determinant  of  the  rate  of 
development  and  productivity  of  aegypti  in  the  ong  jars  in  the 
Din  Daeng  study  area.  The  rate  of  development  of  immature 
aegypti  reared  in  trays  was  approximately  one  day  longer  and 
longevity  was  slightly  lower  than  that  for  mosquitoes  reared  in 
ong  jars  supplemented  with  food.  These  differences  may  have 
resulted  from  crowding  in  the  different  volumes  of  water  in  trays 
as  compared  to  jars. 


( 
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Survival  of  Fx  generation  Aedes  aegypti  in  the  Din  Daeng  field  house  during  the 


Age  to  which  50%  of  mosquitoes 
Oviposition  substrate  provided. 
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Colony  established  during  1979  from  larvae  collected  in  Din  Daeng,  Bangkok 
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DAYS 
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container  supplemented  with  food 


The  results  of  longevity  studies  for  adult  aegypti  during  the 
cool  and  hot  seasons  are  presented  in  Table  83.  Mean  longevity 
was  longer  for  both  male  and  female  mosquitoes  during  the  cool 
season.  The  greatest  difference  was  observed  for  engorged  and 
unengorged  female  aegypti  that  were  not  provided  an  oviposition 
substrate.  Engorged  mosquitoes  of  both  the  cool  and  hot  season 
exhibited  strikingly  higher  longevity  than  the  other  females.  In 
addition,  the  range  of  longevity  for  the  former  mosquitoes  was 
longer  than  the  other  females.  Mean  longevity  of  males  was 
approximately  the  same  for  both  seasons.  Although  mean  longevity 
for  males  was  lower  than  that  of  most  groups  of  females,  the 
range  of  longevity  of  males  was  comparable  to  that  of  females. 

A  marked  difference  was  noted  in  the  rate  of  development  and 
longevity  of  aegypti  reared  at  different  temperatures  jn  the 
laboratory  (Table  The  time  required  for  the  emergence  of 
50%  of  adults  of  different  strains  of  mosquitoes  was  approximately 
three  times  longer  for  mosquitoes  reared  at  20°C.  Only  slight 
variation  was  observed  in  the  development  rates  among  the 
different  strains  reared  at  20°C,  with  the  Din  Daeng  strains 
requiring  the  longest  period  of  time.  Survival  rates  from  first 
stage  larvae  to  adults  were  also  lower  for  mosquitoes  reared  at 
the  lower  temperature.  The  development  and  survival  rates  of 
mosquitoes  reared  at  the  higher  temperature  were  somewhat  similar 
to  those  observed  for  mosquitoes  reared  in  the  Din  Daeng  field 
house  at  30°C,  except  for  the  groups  reared  in  the  ong  jar  that 
was  not  supplemental  with  food.  The  results  for  the  latter  were 
similar  to  those  for  mosquitoes  reared  at  the  lower  temperature 
in  the  laboratory.  Additional  studies  will  be  conducted  to 
further  define  the  seasonal  development  and  survival  of  Ae^.  aegypti . 

26.  Effects  of  Temperature  on  the  In  Vitro  Replication  of 
Dengue  Viruses 


OBJECTIVE: 

1.  To  determine  the  kinetics  of  replication  and  the 
patterns  of  thermo-inactivation,  at  different  temperatures,  of 
selected  dengue  viruses  that  originated  from  dengue  virus  infected 
humans  and  mosquitoes. 

2.  To  determine  the  plating  efficiency,  at  different 
temperatures,  of  dengue  viruses  isolated  directly  from  humans  with 
a  clinical  diagnosis  of  dengue  hemorrhagic  fever. 


BACKGROUND:  This  is  a  continuation  of  an  investigation  that  was 
initiated  during  1978  to  determine  if  the  virulence  properties 
of  dengue  viruses  could  be  assessed  on  the  basis  of  the  degree  of 
replication  at  different  temperatures.  Preliminary  findings 
indicated  that  the  pattern  of  replication  of  selected  serotypes 
and  strains  of  dengue  viruses  in  LLC-Mk2  cells  at  different 
temperatures  did  not  differ  significantly.  Studies  to  define 
the  plating  efficiency  of  wild  dengue  viruses  at  different 
temperatures  were  hindered  by  the  failure  to  reisolate  viruses 
from  the  original  specimens.  However,  limited  data  suggested 
that  the  plating  efficiency  of  dengue  virus  type-3  strains  was 
greater  at  32°C  than  at  35  and  39°C.  This  report  includes  the 
results  of  observations  made  on  additional  serotypes  and  strains 
of  dengue  viruses.  In  addition,  selected  serotypes  and  strains 
of  dengue  viruses  were  characterized  in  regard  to  their  rates  of 
thermo-inactivation  at  different  temperatures. 

METHODS :  Dengue  viruses  employed  in  virus  replication  and 
thermo-inactivation  studies  originated  from  humans  or  from  Aedes 
aegypti  mosquitoes.  Stock  viruses  were  prepared  in  LLC-Mk2  cells, 
suckling  mice,  and  in  Toxorhynchites  splendens.  Viruses  of  human 
origin  included  serotypes  and  strains  that  were  associated  with 
human  disease  that  varied  in  severity  from  grades  I  to  IV.  A 
list  of  dengue  viruses  selected  for  investigation  is  presented 
in  Table  85. 

The  plating  efficiency  of  dengue  viruses  was  determined  on  the 
basis  of  the  number  of  plaque  forming  units  (PFU)  obtained 
directly  from  plasma  and  cellular  components  of  the  blood  of  dengue 
fever  and  dengue  hemorrhagic  fever  (DHF)  patients  diagnosed  at 
Children's  Hospital  during  1978.  Suspensions  of  plasma  and 
cellular  components  were  assayed  by  the  direct  plaque  technique  in 
LLC-Mk2  cells  at  32,  35,  and  39°C.  Separation  of  cellular  compo¬ 
nents  into  leukocyte  sutpopulations  and  platelets  was  performed 
as  described  elsewhere  in  this  Annual  Report.  Viruses  were 
identified  by  plaque  reduction  neutralization  tests  (PRNTS) 
employing  dengue  virus  specific  antisera  prepared  in  Rhesus  monkeys. 

Virus  replication  curves  were  performed  for  dengue  viruses  at  32, 

35,  and  37°C  in  LLC-Mk2  cells.  Screw  cap  tubes  were  seeded  with 
1.0  ml  of  a  cell  suspension  that  contained  10^-0  cells  per  ml. 

After  4  days  at  37°C,  medium- free  monolayers  were  inoculated  with 
a  dilution  of  virus  to  yield  a  multiplicity  of  infection  (MOI)  of 
0.1.  Cultures  with  inoculum  were  incubated  for  one  hour  at  32,  35, 
and  37°C.  After  the  absorption  period,  1.0  ml  of  RPMI  1640  medium 
was  added  to  each  culture.  Medium  contained  10%  fetal  calf  serum 
(FCS) ,  200  units  of  penicillin  per  ml  and  200  ug  per  ml  of 
streptomycin. 
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At  12  hours  post  inoculation  and  at  12  hour  intervals  thereafter, 

3  cultures  per  temperature  were  harvested  for  virus  assay.  After 
removing  cells  from  the  tube  wall  by  vigorous  agitation  with 
glass  head,  0.5  ml  of  FBS  was  added  to  each  suspension.  Aliquots 
of  0.5  ml  of  each  suspension  were  stored  at  -70°C.  Suspensions 
were  assayed  for  virus  by  a  micro-plaque  assay  employing  24  hole 
disposable  plastic  plates.  Logjo  dilutions  were  made  in  RPMI  1640 
medium  and  inoculated  onto  medium-free  cell  manolayers,  0.05  ml 
per  well.  After  a  60  minute  absorption  at  35°C,  each  culture 
received  0.5  ml  of  an  agar  overlay.  Cells  were  incubated  at 
35°C  for  5  days  and  0.5  ml  of  a  second  agar  overlay  that  contained 
a  1:1000  dilution  of  neutral  red  was  added  to  each  cell  culture. 

PFUs  were  counted  and  recorded  on  day  6  post  inoculation. 

Thermo-inactivation  rate  of  the  infectivity  of  dengue  viruses  was 
determined  at  37  and  41°C.  One  ml  of  each  stock  virus  suspension 
was  added  to  9.0  mi  of  preheated  RPMI  1640  medium  and/or  human 
serum  that  was  shown  to  be  free  of  dengue  virus  antibody  by  plaque 
reduction  neutralization  test  (PRNT).  A  0.5  ml  aliquot  of  each 
virus  suspension  was  obtained  immediately  and  at  2,4,  and  8  hours 
of  incubation.  Log^  dilutions  were  assayed  for  virus  by  PRNT  in 
LLC-Mk2  cells. 

RESULTS :  The  infectivity  titers  attained  by  strains  of  dengue 
virus  types  1,  2,  3  and  4  in  LLC-Mk2  cells  that  were  maintained 
at  32,  35,  and  37°C  are  presented  in  Figures  43,44,45  and  46. 

Strains  of  dengue  virus  type-2  and  4  exhibited  comparable  titers 

at  each  temperature.  The  magnitude  of  replication  of  the  grade  I 
strain  of  dengue  virus  type  1  was  slightly  higher  than  that  of 
grade  II  strain  at  32,  35,  and  37°C.  Of  the  two  strains  of 
dengue  virus  type- 3  the  grade  IV  strain  exhibited  significantly 
higher  titers  than  that  of  the  grade  I  strain.  In  addition,  the 

latent  period  of  the  grade  I  strains  was  48  to  60  hours  longer 

than  that,  of  grade  IV  strains. 

As  a  result  of  problems  encountered  in  the  preparation  of  stock 
viruses,  both  cell  culture  and  mouse  brain  propagated  viruses  were 
employed  in  virus  replication  curves.  The  possibility  that  the 
source  of  the  virus  stocks  influenced  the  results  was  considered 
by  conducting  virus  replication  studies  with  dengue  virus  type-1  and 
type-2  stocks  that  were  prepared  in  both  cell  culture  and  suckling 
mice.  As  shown  in  Figures  47  and  48  the  latent  period  and 
infectivity  titers  exhibited  by  dengue  virus  types- 1  dnd  -2  were 
comparable  regardless  of  the  source  of  the  stock  virus. 

Since  the  thermo -stability  of  the  infective  properties  of  viruses 
can  be  affected  by  the  type  and  content  of  media,  an  experiment 
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TABLE  85.  Dengue  virus  serotypes  and  strains  employed  in  virus 
replication  and  thermolaoility  studies. 


Dengue  Virus 

Host-Passage 

Grade  .of 
Illness 

LLC-Mk2  Cells 
(PFU/170  ml) 

smld5Q** 

Den-1 

75-001 

Mk2"5 

I' 

5.7* 

5.7 

-001 

SM-3 

I 

6.1 

6.3 

74-112 

Mk2~5 

IV 

5.5 

5.2 

-112 

SM-3 

IV 

7-2 

7.2 

Den-2 

77-132 

Mk2~4 

I 

4.3 

NA 

3379 

SM-5 

II 

6.5 

8.3 

77-248 

Mk2-4 

TV 

6.8 

5.2 

-248 

SM-3 

IV 

7.9 

8.6 

Den-3 

77-2877 

SM-5 

I 

6.3 

5.2 

77-2797 

SM-5 

IV 

6.2 

m & 

Den-4 

77-092 

Mk  -4 

I 

3.7 

-092 

SM-3 

I 

7.3 

K SI 

77-380 

Mk2-4 

III 

4.2 

NA 

Den -2 

189-17A 

T.  splendens-1 

- 

3.7 

S 

Den-2 

189-17A 

Mk2-1 

- 

4.4 

Den-2 

189-18A 

T.  splendens-1 

- 

4.0 

Den-2 

189-18A 

Mk2-1 

- 

4.0 

- 

*  =  Log^Q  Plaque  forming  unit/1.0  ml 


=  Suckling  mouse  lethal  dose/1.0  ml 

50 

NA  =  Not  adapted  to  suckling  mice 
T.  splendens  =  Toxorhynchites  splendens 
SM  =  Suckling  mice 

Hk^  =  Monkey  kidney  cells 
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Table  86  The  yield  of  dengue  virus  type  2  obtained  from  plasma  and  leukocyte  fractions 
that  were  assayed  at  difference  temperatures. 
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Plaque  forming  units/0.3  ml 
Not  done . 


Log  n  PFU  / 1.0  ml  Log.n  PFU  / 1.0  ml 


Figure  45  Replication  of  dengue  virus  type  3  strains  in  LLC-MKg 
cells  at  different  temperatures. 
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Figure  4^  Replication  of  dengue  virus  type  4  strains  in  LLC-MKg 
cells  at  different  temperotures. 
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Figure  47  Replication  of  dengue  virus  type  I  suckling  mouse  brain 
passaged  seed  and  a  cell  culture  propagated  seed  virus, 
in  LLC-MKg  cells  at  different  temperatures. 
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Figure  4f  Replication  of  dengue  virus  2  suckling  mouse  broin  passaged 
seed  and  a  cell  culture  propagated  seed  virus,  in  LLC  -MK2 
cells  at  different  temperatures. 
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Figure  49  Thermolobility  of  dengue  virus  type  2  in  humon  serum  ond  in  RPM1 
1640,  10  %  fetal  calf  serum  medium. 
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(Grade  IV)  ■ . ■  41°  C 


HOURS 

Figure  50  Thermolobility  of  dengue  virus  type  I  strains. 
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Figure  54  Thermolobility  of  dengue  virus  type  2  (I89-I7A)  that  was  isolated 
from  Aedes  aegypti. 


( 
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Figure  55  Thermal  inactivation  of  dengue  virus  type  2  (189— I8A)  that  originated 
from  Aedes  oegypti 
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was  conducted  to  compare  human  serum  with  RPMI  1640  medium,  10% 

FCS,  for  use  in  thermo- stability  studies  of  dengue  viruses.  The 
results  presented  in  Figure  $9  showed  the  rate  and  pattern  of  in¬ 
activation  of  dengue  virus  type  2  to  be  approximately  the  same  for 
the  two  media.  On  the  basis  of  these  results,  RPMI  1640  medium  was 
selected  for  thermo-stability  studies.  As  shown  in  Figures  5oand 
51jthe  infectivity  of  each  strain  of  dengue  virus  types  1  and  3 
had  reached  undetectable  levels  after  4  hours  of  incubation  at 
37  and  41°C.  No  apparent  difference  was  observed  in  the  rate 
of  loss  of  infectivity  for  the  grade  I  and  grade  IV  strains  at 
different  temperatures.  In  contrast,  the  dengue  virus  types  2  and 
4  strains  varied  considerably  in  the  rate  of  thermal  inactivation, 
(Figures  52  and  53 J.  These  viruses  were  more  thermo-stable  than 
dengue  viruses  types  1  and  3,  and  the  grade  III  and  IV  strains 
of  dengue-2  and  dengue-4  respectively,  were  more  stable  than  the 
grades  I  strains  of  the  latter  dengue  virus  serotypes. 

The  results  of  thermal  inactivation  studies  of  dengue  virus  types 
2  that  originated  from  field  collected  Ae.  aegypti  are  presented 
in  Figures  54  and  55.  The  infectivity  of  both  dengue  virus  strains 
was  rapidly  in  activated  at  37°C  and  41°C.  The  rate  of  decrease 
in  infectivity  was  approximately  the  same  for  virus  stocks  that 
were  subsequently  propagated  in  LLC-Mk2  cells. 

The  yield  of  dengue  virus  type-2  that  was  obtained  from  plasma 
and  cellular  component  of  blood  of  patients  with  different  grades 
of  illness  is  presented  in  Table  86.  No  apparent  relation  was 
observed  between  the  yield  of  virus  and  the  grade  of  illness  of 
the  patient.  The  yield  of  virus  varied  according  to  temperature 
and  the  type  of  specimen.  Although  the  viruses  replicated  at 
different  temperature,  only  strain  D78-135  appeared  to  be 
temperature  sensitive.  The  distribution  of  viruses  according  to 
source  and  temperature  permissive  for  replication  is  presented 
in  Table  87. 

27.  Prevalence  of  Anti-Dengue  HAI  Antibody  in  Bangkok  Infants 
OBJECTIVES : 

1.  To  establish  the  age-specific  prevalence  of  anti-dengue 
antibody  in  Bangkok  infants. 

2.  To  estimate  the  rate  of  disappearance  of  passively 
acquired  maternal  anti-dengue  antibodies. 

3.  To  estimate  the  prevalence  of  actively  acquired  anti¬ 
dengue  antibody  in  Bangkok  infants. 
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BACKGROUND :  The  age-specific  attack  rate  of  dengue  hemorrhagic 
fever  (DHF)  is  biphasic,  with  the  main  peak  modal  age  of  5  to  6 
monthsand  a  smaller  peak  with  a  modal  age  of  7-12  months. 
Halstead’s  demonstration  of  enhanced  dengue  virus  growth  in 
leukocytes  by  very  low  levels  of  homologous  or  heterologous  anti- 
flavivirus  antibody  has  led  to  an  examination  of  the  role  of 
passively  acquired  maternal  antibody  in  DHF  in  infants  (144). 

This  study  was  undertaken  to  accurately  estimate  the  decay 
kinetics  of  maternal  anti-flavivirus  antibody  in  Bangkok  infants. 

METHODS :  As  part  of  a  study  on  the  prevalence  of  anemia  in 
normal  children,  infants  attending  a  well  baby  clinic  at 
Bangkok  Children's  Hospital  on  Wednesday  afternoons  during  June 
through  August  1979  were  subjected  to  finger  lancination  and 
blood  collection.  Three  to  five  70  microliter  capacity  capillary 
hematocrit  tubes  were  collected  from  each  patient,  and  after 
hematocrits  were  determined  by  centrifugation,  the  tubes  were 
scored  and  broken  just  above  the  buffy  coat  to  retrieve  the 
serum  layer.  Twenty-five  microliters  of  serum  was  then  acetone 
extracted  and  assayed  for  HAI  activity  against  Dl,  D2,  D3,  and 
D4  antigens  by  the  standard  AFRIMS  micro- titer  technique. 

RESULTS :  Twenty-four  of  24  (100%)  of  infants  two  months  old  or 
younger  had  detectable  HAI  to  at  least  one  dengue  virus  type 
antigen.  The  proportion  of  antibody  positive  infants  steadily 
declined  until  age  7  months;  none  of  22  infants  between  7  and  10 
months  old  had  detectable  antibody.  Two  of  14  (14%)  of  infants 
11  to  18  months  old  had  antibody;  in  these  two  children  the 
antibody  was  probably  acquired  actively  through  infection  rather 
than  transplacentally.  (Figure  56) 

This  study  will  continue  until  sera  from  approximately  500 
children  have  been  tested.  Other  antibody  determinations  (e.g. 
anti-HAV)  are  planned  for  these  sera. 

28.  Effect  of  Intravenous  Inoculation  of  Bordetella 

Pertussis  Vaccine  on  the  In  vivo  Viremia  and  Antibody 
Response  to  Flavivirus  Infection  in  Rhesus  Monkeys 

OBJECTIVES : 

1.  To  determine  if  intravenous  inoculation  of  Bordetella 
pertussis  vaccine  "primes"  Rhesus  monkeys  to  develop  exaggerated 
viremias  and  antibody  responses  when  the  animals  are  subsequently 
inoculated  with  infectious  flaviviruses . 
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2.  To  compare  the  antibody  response  of  the  "pertussis  primed" 
monkeys  to  that  of  normal  uninoculated  control  animals  and 
control  animals  experiencing  a  secondary  type  antibody  response. 

BACKGROUND :  Typically  Rhesus  monkeys  develop  very  mild  infections 
when  inoculated  with  wild  or  prototype  dengue  (D)  and  Japanese 
encephalitis  (JEV)  strains,  with  no  observable  signs  or  symptoms 
and  low  level  viremias  (1-2  logs). 

Whitehead  et  al.  (145)  reported  preliminary  observations  of 
increased  viremia  in  gibbons  inoculated  intravenously  with 
Bordetella  vaccine;  similar  preliminary  observations  have  been 
made  in  rhesus  monkeys  (Halstead,  personal  communication). 

We  reasoned  that  if  in  fact  viremia  levels  could  be  augmented  by 
prechallenge  pertussis  inoculation,  this  might  provide  a  more 
rigorous  model  for  vaccine  efficiency  testing. 

Virus  typing  in  the  Department  of  Virology  by  the  plaque  reduction 
neutralization  (PRNT)  method  for  the  past  decade  has  employed 
monkey  anti-sera  raised  against  local  Southeast  Asian  strains  of 
dengue  viruses.  Although  these  sera  have  been  used  with  great 
effectiveness,  reference  sera  raised  against  the  prototype  strains 
of  virus  could  be  valuable  for  periodic  validation  of  the  typing 
technique.  The  high  mouse  passage  prototype  strains  in  this 
laboratory  often  provoke  only  a  weak  HI  and  neutralizing  antibody 
response.  As  a  separate  control  group  for  the  pertussis  primed 
monkeys,  we  also  investigated  the  antibody  response  of  monkeys  on 
rechallenge  with  homologous  prototype  virus  six  months  after 
original  challenge. 

METHODS : 

Rhesus  monkeys:  The  rhesus  monkeys  challenged  were  divided  into 
three  groups  (1)  Normals:  no  previous  flavivirus  exposure,  no 
pertussis  inoculation  (2)  Immunes:  previous  inoculation  with 
homologous  prototype  dengue  or  JEV  prototype  virus  six  months 
previously,  no  pertussis  inoculation  (3)  Pertussis  inoculated: 
no  previous  flavivirus  exposure;  2.0  ml  of  pertussis  vaccine 
intravenously  on  day-1  and  2.0  ml  intravenously  on  day  2. 

All  normal  and  pertussis  inoculated  monkeys  were  shown  to  be 
antibody  free  for  dengue-1-4  and  JEV  by  HAI  and  PRNT  50  before 
the  start  of  the  experiment.  The  antibody  response  of  the  "immunes" 
to  original  challenge  six  months  previously  is  shown  in  Table  88. 
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Viruses:  Dengue  1  (Hawaii)  SM16  (2xl06PFU/.l  ml);  Dengue  2 
(New  Guinea  C)  SM30  (2xl06PFU/.l  ml);  Dengue  3  (H87)  SM26 
(9xl06PFU/.l  ml);  Dengue  4  (H241)  SM32  (8xl07PFU/.l  ml);  JEV 
(Nakayama)  SM13  (2xlO°PFU/.l  ml).  One  ml  of  a  20%  fresh  mouse 
brain  preparation  of  each  virus  strains  in  normal  saline  was 
inoculated  into  monkeys  intravenously. 

Vaccine:  Plain  Bordetella  pertussis  vaccine,  20xl06/0.5  ml,  lot 
25  April  1979  (courtesy  of  Dr.  Nathirat  Sankavipa,  Director, 

Virus  Institute,  Department  of  Medical  Science,  Ministry  of 
Public  Health) . 

Blood  samples:  Three  ml  of  heparinized  blood  was  obtained  from 
each  animal  on  days  0,  1,  2,  4,  6,  8,  and  10  for  determination 
of  complete  blood  count  and  virus  isolation  studies.  Blood  with¬ 
out  heparin  for  serologic  studies  was  obtained  on  the  following 
schedule:  10  ml  on  days  -1,  0,  6,  and  10;  25  ml  on  days  15  and  20; 
30  ml  on  day  30,  35,  and  59. 

Viremia  assays:  A  1:1  mixture  of  plasma  with  buffy  coat  was 
assayed  for  virus  by  the  direct  and  delayed  plaque  techniques  in 
LLCMk2  cells  and  by  the  mosquito  inoculation  technique  (Toxo- 
rhynchites) .  Detection  of  virus  in  inoculated  mosquitoes  was 
performed  by  examination  of  head  squash  preparations  by  direct 
fluorescence  and  by  inoculation  of  thorax-abdomen  suspensions 
into  LLC-Mk2  cells  for  both  direct  and  delayed  plaque  assays. 

Serology:  Antibody  responses  were  measured  against  Dl-4  and  JEV 
by  a  standard  laboratory  microtiter  adaptation  of  the  HAI  method 
of  Clark  and  Cassals,  and  by  microtiter  adaptation  of  the  plaque 
reduction  neutralization  test  on  LLC-Mk2  cells. 

RESULTS:  Hematology:  The  normal  and  immune  monkeys  developed 
a  polymorphonuclear  leukocytopenia  on  day  2  post  infection;  4  of 
5  monkeys  in  each  group  remained  granulocytopenic  for  the  duration 
of  the  study.  The  pertussis-inoculated  group  developed  a  promi¬ 
nent  granulocytosis  on  day  0;  although  the  total  granulocyte  counts 
fell  in  these  monkeys,  they  never  dropped  below  the  preinoculation 
levels.  Total  lymphocyte  counts  remained  unchanged  in  the  normal 
and  immune  groups;  in  the  pertussis  inoculated  group  a  relative 
lymphocytosis  appeared  on  day  6,  was  prominent  on  day  8,  and 
returned  to  normal  on  day  10.  Results  are  presented  in  Figure  57 

Viremia:  Results  of  buffy  coat-plasma  mixture  assays  for  virus 
are  presented  in  Table  88.  Overall  viremia  was  detected  in  10 
of  the  15  study  monkeys:  1  of  5  immunes,  4  of  5  normals,  and  5  of 
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Table  88  Viremia  and  Antibody  Response  Following  Primary  Inocula¬ 
tion  of  Indian  Rhesus  Monkeys  with  Prototype  Dengue  and 
JE  Viruses. 


Monkey  Inoculation  HI/NT 

N6.  c  Viremia 


Day  after  vs 

vs 

vs 

vs 

vs 

Inoc.  D1 

D2 

D3 

D4 

JE 

G- 24/ 

Den- 1 (Hawaii) 

15 

<10 

<10 

<10 

<10 

<10 

SM16(2xlOPFU) 

30 

<10/C10  CIO 

<10 

<10 

<  10 

G-327 

Den- 2 (new  Guinea- 

15 

<10 

40 

20 

40 

<10 

C),  SM  30(1. 7x1 06PFU) 

30 

<10  40/40 

20 

40 

'10 

G-336 

Den-3 (H87) 

15 

<  10 

<10 

<•10 

<10 

<10 

SM26(3x106PFU) 

30 

L  10 

10 

20//10  20 

<  10 

G-337 

Den-4(H241) 

15 

<*10 

<10 

<10 

20 

<10 

SM32 (8 , 5x1 0°PFU) 

30 

<10 

<10 

<10 

10/<10  <10 

G-342 

JEV(Nak) 

15 

'10 

<-10 

<10 

<10 

<10 

SM13(9xlO'PFU) 

<-10 

<  10 

<10 

<10<L0/<10 
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Table  89  Detection  of  Viremia  in  Experimental  Rhesus  Monkeys. 
MF=Virus  Detected  by  Mosquito  Inoculation  with 
Fluorescent  Staining  of  Head  Squash  Preparation; 
MP=Virus  Detected  by  Mosquito  Inoculation  with 
Inoculation  of  Thorax-Abdomen  Suspension  onto  LLC-Mk2 
Cells  and  Observing  for  Plaques;  D=Virus  Detected  by 
the  Delayed  Plaque  Technique  on  LLC-Mk2  Cells. 


Monkey 

Number 

Virus 

Inoculated 

Day  post  inoculation 

wonKey 

History  2 

4 

6 

8 

10 

G241 

D-l 

prev  infect  - 

G246 

n 

pertussis  MF,MP 

MF,MP 

- 

- 

- 

G220 

t» 

normal  MF,MP 

D,MF,MP 

- 

- 

- 

G327 

D-2 

prev  infect  - 

_ 

G262 

m 

pertussis  D,MF,MP,MF,MP 

- 

- 

- 

G347 

ii 

normal  MF,MP 

D,MF,MP 

- 

- 

- 

G336 

D-3 

prev  infect  - 

• 

G308 

it 

pertussis  MP 

- 

- 

- 

- 

G349 

it 

normal  MF,MP 

MP 

- 

- 

- 

G337 

D-4 

prev  infect  - 

«. 

_ 

_ 

F339 

it 

pertussis  MP 

- 

- 

- 

- 

G310 

ti 

normal 

- 

- 

- 

- 

G342 

JEV 

prev  infect  MP 

G348 

it 

pertussis  MF,MP 

D 

- 

- 

- 

G346 

it 

normal  MF,MP 

- 

- 

- 

- 
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Table  90 


Results  of  HAI  Serology.  (0=  <  1/10,  1=  1/10, 

2=  1/20,  3=  1/40,  4=  1/80,  5=  1/160,  6=  1/320 

7=  1/640) 


Virus 

type 


D-l 


D-2 


D-3 


D-4 


HAI  Antibody  Response 


Day 

Normal  monkey 

Immune 

Pertussis 

1 

Dengue 
2  3 

4 

J 

1 

Dengue 
2  3 

4 

J 

1 

Dengue 
2  3 

4 

J 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

6 

0 

0 

0 

0 

0 

5 

3 

4 

5 

4 

0 

0 

0 

0 

0 

10 

2 

0 

2 

1 

0 

7 

5 

6 

6 

6 

1 

0 

0 

0 

0 

15 

3 

1 

3 

3 

3 

6 

4 

5 

6 

5 

2 

0 

0 

0 

0 

20 

3 

1 

2 

2 

2 

6 

4 

4 

5 

5 

2 

0 

0 

0 

0 

30 

3 

0 

0 

2 

2 

6 

4 

5 

6 

5 

2 

0 

0 

0 

0 

35 

2 

0 

0 

2 

1 

6 

3 

5 

5 

5 

2 

0 

0 

0 

0 

60 

3 

1 

2 

2 

0 

5 

4 

5 

5 

4 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

6 

1 

3 

1 

2 

1 

1 

1 

3 

1 

2 

1 

0 

0 

1 

0 

10 

3 

4 

3 

5 

3 

3 

4 

3 

5 

3 

1 

4 

2 

3 

2 

15 

3 

4 

4 

5 

4 

3 

4 

4 

5 

4 

1 

4 

4 

3 

3 

20 

3 

4 

4 

4 

4 

3 

4 

4 

4 

4 

1 

4 

4 

3 

3 

30 

3 

4 

4 

4 

5 

3 

4 

4 

4 

5 

2 

4 

5 

4 

3 

35 

2 

4 

3 

4 

4 

2 

4 

3 

4 

4 

1 

3 

3 

3 

2 

60 

3 

5 

4 

4 

3 

4 

5 

4 

5 

4 

2 

4 

2 

3 

2 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

6 

0 

0 

2 

1 

0 

4 

4 

6 

6 

6 

0 

0 

0 

0 

0 

10 

1 

1 

4 

3 

2 

5 

4 

7 

6 

5 

1 

0 

4 

2 

1 

15 

2 

1 

5 

3 

2 

4 

3 

5 

5 

5 

3 

2 

5 

4 

4 

20 

2 

1 

4 

3 

2 

4 

3 

5 

5 

4 

3 

2 

5 

4 

4 

30 

1 

0 

4 

3 

2 

3 

3 

5 

5 

4 

2 

2 

4 

4 

4 

35 

1 

0 

3 

2 

1 

3 

3 

5 

4 

4 

2 

1 

3 

3 

3 

60 

2 

1 

3 

2 

1 

2 

2 

3 

3 

1 

1 

0 

2 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0  i 

0 

0 

0 

0 

0 

6 

0 

0 

0 

4 

0 

3 

4 

5 

6 

5 

0 

0 

0 

2 

0 

10 

0 

0 

3 

5 

2 

4 

4 

6 

7 

5 

0 

0 

0 

4 

1 

15 

1 

1 

3 

4 

3 

4 

4 

5 

6 

5  I 

1 

1 

3 

5 

3 

20 

1 

1 

3 

4 

3 

4 

3 

5 

6 

5  1 

1 

1 

2 

4 

3 

30 

1 

1 

3 

4 

3 

4 

3 

5 

5 

4 

1 

0 

2 

4 

3 

35 

1 

0 

3 

4 

3 

3 

2 

4 

5 

4 

1 

0 

2 

4 

2 

60 

1 

1 

2 

3 

1 

2 

3 

4 

4 

2 

1 

1 

1 

3 

0 
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Table  90 


(Continuation) 


HAI  Antibody  Response 


Virus 

Day 

Normal 

monkey 

Immune 

Pertussis 

1 

Dengue 

2  3 

4 

J 

1 

Dengue 

2  3 

4 

J 

1 

Dengue 
2  3 

4 

J 

type 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

6 

0 

0 

0 

0 

3 

4 

4 

5 

5 

7 

0 

0 

0 

0 

0 

10 

2 

1 

3 

4 

6 

4 

3 

5 

5 

7 

0 

0 

0 

1 

4 

JEV 

15 

2 

2 

5 

4 

6 

3 

3 

4 

4 

7 

1 

1 

2 

2 

5 

20 

3 

2 

4 

4 

7 

3 

2 

4 

4 

7 

1 

1 

2 

3 

5 

30 

3 

2 

4 

4 

7 

3 

2 

3 

4 

6 

1 

0 

2 

2 

5 

35 

2 

1 

3 

4 

6 

2 

2 

3 

3 

6 

0 

0 

2 

2 

5 

60 

2 

2 

3 

3 

5 

1 

2 

2 

2 

4 

1 

0 

1 

2 

4 
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Table  91  Plaque  Reduction  Neutralization  Test  of  Monkey  Sera 
Against  Dengue  1,  2,  3,  4  and  JE  by  Micro-technique 


Virus 

Type 

Monkey 

No. 

Date  blood 
collected 

PRNT  Titer 

Dl 

D2 

D3 

D4 

JE 

D1 

G-220 

30  days 

590 

125 

19 

<10 

<10 

60 

1000 

17 

25 

<10 

<10 

Dl* 

G-241 

30 

>640 

50 

43 

16 

<10 

60 

>640 

84 

100 

25 

<10 

Dl** 

G-246 

30 

190 

23 

10 

<10 

<10 

60 

400 

<10 

<10 

<10 

<10 

D2 

G-347 

30 

18 

600 

12 

<10 

<10 

60 

62 

1850 

20 

<10 

<10 

D2* 

G-327 

30 

65 

1650 

70 

14 

10 

60 

50 

2400 

50 

10 

<10 

D2** 

G-262 

30 

10 

36 

21 

<10 

<10 

60 

<10 

65 

30 

<10 

<10 

D3 

G-349 

30 

<10 

22 

103 

<10 

<10 

60 

10 

22 

500 

<10 

<10 

D3* 

G-336 

30 

100 

35 

640 

14 

<10 

60 

100 

39 

240 

<10 

<10 

D3** 

G-308 

30 

<10 

<10 

78 

<1-' 

<10 

60 

<10 

<10 

96 

<10 

<10 

D4 

G-310 

30 

<10 

<10 

<10 

<10 

<10 

60 

<10 

<10 

<10 

48 

<10 

D4* 

G-337 

30 

10 

18 

28 

23 

<10 

60 

<10 

27 

11 

12 

<10 

D4** 

F-339 

30 

<10 

<10 

<10 

21 

<10 

60 

<  10 

<10 

<10 

41 

<10 

JEV 

G-346 

30 

<10 

<10 

MO 

A  10 

2000 

60 

<10 

<  10 

<10 

<10 

1000 

JEV* 

G-342 

30 

<10 

<10 

<10 

<10 

290 

60 

<10 

15 

10 

<10 

570 

JEV** 

G-348 

30 

<10 

<10 

<10 

410 

1500 

60 

<10 

<10 

Uo 

<10 

680 

*  =  Previous  inoculation  with  homologous  strain 

**  =  Pertussis  immunized 
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Figure  57.  Leukocyte  Responses  in  Normal  Monkeys,  Previously  Infected  Monkeys, 

and  Pertussis  Primed  Monkeys  Challenged  with  Prototype  Dengue  Viruses 


HAI  TITER  TO  HOMOLOGOUS  ANTIGEN 


Figure  58  HAI  Antibody  Responses  in  Normal  Monkeys,  Previously 

Infected  Monkeys,  and  Pertussis  Primed  Monkeys  Challenged 
with  Prototype  Dengue  Viruses. 


Normal 
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5  pertussis  inoculated.  A  total  of  16  blood  specimens  yielded 
virus  isolates;  virus  was  detected  by  the  plaque  assay  on 
LLC-Mk2  cells  in  3,  by  mosquito  head  squash  fluorescence  in  11, 

=and  by  assay  of  thorax-abdomen  suspensions  on  LLC-cells  in  15. 

Antibody  response:  The  HAI  antibody  responses  of  infected  monkeys 
are  shown  in  Figure5S  and  Table  90'.  For  every  virus  type  the 
immune  monkeys  developed  the  most  rapid  and  highest  antibody 
response,  the  normal  monkey  produced  a  slower  and  somewhat  lower 
response,  and  the  pertussis  primed  monkey  had  the  slowest  and 
lowest  response.  Four  of  5  normal  monkeys  had  developed  early 
antibody  by  day  6,  compared  to  only  1  of  5  pertussis  inoculated 
monkeys.  Both  the  primary  and  secondary  antibody  responses  of 
the  D-2  challenged  monkeys  showed  considerable  HAI  cross  reactions 
to  heterologous  antigens,  especially  to  dengue  type- 4. 

Plaque  reduction  neutralization  (PRNT)  antibody  titers  are 
presented  in  Table  91.  Titers  were  invariably  highest  against 
the  homologous  virus  type.  In  every  instance  the  normal  monkey 
developed  a  greater  PRNT  antibody  response  than  the  corresponding 
pertussis  immunized  monkey,  and  the  previously  inoculated  monkeys 
invariably  developed  the  broadest  antibody  responses. 

29.  HLA  Antigens  of  Dengue  Hemorrhagic  Fever  Patients 

OBJECTIVE :  To  determine  if  children  with  dengue  hemorrhagic 
fever  (DHF)  have  a  unique  distiibution  of  HLA  types. 

BACKGROUND:  The  serological  response  of  DHF  patients  against 
dengue  antigens  may  be  classified  into  primary  and  secondary  type 
responses  (146).  The  severity  of  the  disease  appears  to  be  more 
pronounced  in  females  and  in  secondary  dengue  infections  (147,148). 
It  is  possible  that  some  individuals  are  more  susceptible  to  this 
particular  infection  than  others.  In  addition,  there  may  be  some 
genetic  markers  that  control  the  immunologic  mechanisms. 

The  present  investigation  was  undertaken  to  determine  whether 
there  were  any  significant  deviations  from  the  normal  distribution 
of  HLA-A  and  HLA-B  in  DHF  patients. 

MATERIALS  AND  METHODS:  A  retrospective  study  was  carried  out  on 
87  unrelated  DHF  patients  from  the  case  collection  of  Children's 
Hospital,  Bangkok,  Thailand  (clinical  data)  and  the  AFRIMS 
(serological  data).  Clinical  criteria  for  DHF  followed  those  of 
Nimmannitya  (149)  and  serological  criteria  those  of  Winter  et  al. 
(146).  Eighty-seven  patients  (39  male  and  48  female)  were 
included  in  this  study.  There  were  8  and  79  patients  with  primary 
and  secondary  infections,  respectively. 
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The  analysis  was  carried  out  according  to  sex,  primary  and 
secondary  responses,  and  grading  of  the  patients. 

The  control  group  consisted  of  138  apparently  healthy  and  unre¬ 
lated  local  blood  donors,  109  male  and  29  female. 

HLA  typing  was  done  using  the  standard  two- stage  lymphocytotoxicity 
technique  (NIH)  (150).  Fifty-nine  antisera  from  NIH  were  used 
to  detect  the  following  HLA-A  and  B  locus  specificities:  Al,  2, 

3,  9,  10,  11,  19,  28,  29,  w23,  w24,  225,  w26,  w30,  w31,  w32,  w33, 
w34,  w36;  B5,  7,  8,  12,  13,  14,  15,  17,  18,  27,  40,  wl6,  w21,  w22 , 
w35,  w38,  w41,  w42. 

RESULTS :  HLA-A1  and  A9  of  the  primary  response  group  and  HLA-A2 
and  B  blank  of  secondary  response  groups  were  found  to  be  signifi¬ 
cantly  increased  as  compared  with  the  normal  control  group 
(p  <0.05).  HLA-A2  was  also  significantly  increased  in  the  male 
patients  (p  <0.05),  while  HLA-B17  was  significantly  increased 
among  the  female  patients  (p  <0.05).  A  significantly  increased 
prevalence  of  HLA-B  blank  was  observed  in  grade  3  and  among  all 
DHF  patients  (p  <0.05).  Decreased  prevalences  of  HLA-B13  (p  <0.05) 
and  HLA-B15  (p  <0.05)  were  observed  in  the  secondary  response 
group,  and  in  grade  two  patients,  respectively.  However,  the 
significance  of  these  findings  (and  p  values)  should  be  open  to 
question,  since  38  antigen  were  tested  for;  it  is  not  unlikely 
that  the  findings  are  due  to  chance. 

30.  Suppression  of  Lymphocyte  Blastogenic  Response  by  Sera 
from  Patients  with  Dengue  Hemorrhagic  Fever  (DHF) 

OBJECTIVE :  To  investigate  the  suppressive  effect  that  sera 

from  DHF  patients  has  on  the  response  of  lymphocytes  stimulated 
with  plant  lectins. 

BACKGROUND:  Sera  from  patients  with  various  infections  (23,  151) 
have  been  shown  to  suppress  the  responsiveness  of  lymphocyte 
populations  stimulated  with  plant  lectins.  This  may  be  an  immune 
regulatory  mechanism  influencing  the  interaction  of  specific 
lymphocyte  subpopulations  (151)  or  may  be  a  non-specific  response 
to  infectious  agents. 

In  the  present  preliminary  study  we  are  investigating  the  effect 
that  sera  from  DHF  patients  has  on  the  responsiveness  of  normal 
lymphocytes  to  stimulation  with  plant  lectins. 

METHODS :  Acute  and  convalescent  sera  from  children  clinically 
diagnosed  as  having  dengue  hemorrhagic  fever  was  obtained  from 
Bangkok  Children's  Hospital.  Aliquots  of  each  sample  were  frozen 


Table  92  Inhibitory  Action  of  DHF  Sera  on  Mitogen  Response  of 
Human  Lymphocytes . 


Mitogen 

Pooled  Seruml 

Normal 

i 

Acute  (day  0) 
(DHF) 

Convalescent  (day  14) 
(DHF) 

PHA 

156. 432 

56.67 

170.59 

Con  A 

166.94 

73.52 

135.25 

PWM 

116.06 

44.16 

137.71 

1.  Each  serum  pool  from  5  individuals 

2.  Stimulation  index  when  pooled  sera  is  added  to  wells  (20%  v/v) 
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(-70°C)  for  future  serological  confirmation.  The  mitogen 
inhibition  assay  was  performed  as  previously  described  (23). 

RESULTS :  Table  92shows  that  pooled  acute  sera  from  DHF  patients 
inhihits  the  responsiveness  of  normal  lymphocytes  to  mitogen 
stimulation,  while  convalescent  sera  does  not.  Additional  studies 
are  being  conducted  to  confirm  these  results  and  to  determine  the 
effect  that  sera  from  DHF  patients  has  on  normal,  autologous  and 
allogenic  T  cells  and  B  cells.  This  is  a  preliminary  report. 

31.  Lymphocytotoxins  in  Serum  from  Patients  with  Dengue 
Hemorrhagic  Fever  (DHF) 

OBJECTIVE :  To  identify  lymphocytotoxic  activity  in  the  sera  of 
Thai  children  with  dengue  hemorrhagic  fever. 

BACKGROUND :  Serum  lymphocytotoxins  have  been  reported  in  a  wide 
variety  of  disease  states  (152).  It  is  not  clear  why  such  factors 
are  elicited  and  very  little  is  known  concerning  the  action  of 
naturally  occurring  lymphocytotoxins  in  the  immune  response  to 
infectious  agents.  Earlier  work  in  this  Laboratory  (153)  indicated 
that  the  percentage  of  peripheral  T-cells  in  patients  during  the 
acute  stage  of  DHF  is  reduced  when  compared  with  the  percentage 
of  T-cells  in  peripheral  blood  during  the  convalescent  stage. 
Lymphocytotoxic  factors  directed  against  specific  cell  populations 
may  be  one  mechanism  responsible  for  the  decrease  in  the  number 
of  circulating  lymphocytes  and  thereby  have  a  regulatory  influence 
on  the  immune  response  of  individuals  to  dengue  hemorrhagic  fever. 
Therefore,  we  are  presently  screening  sera  from  patients  with  DHF 
to  determine  the  incidence  of  lymphocytotoxins,  their  temperature 
of  optimal  activity,  and  biological  effect  on  autologous  and 
allogenic  lymphocytes. 

METHODS:  Cytotoxic  assays  are  performed  with  acute  sera  from 
patients  with  dengue  hemorrhagic  fever  following  the  previously 
described  (152)  modification  of  Terasaki's  methodology  (153). 

RESULTS:  Table  92  summarized  the  results,  to  date,  of  lymphocytotoxin 
assays  performed  with  sera  from  patients  with  DHF  and  lymphocytes 
from  uninfected  controls.  Killing  due  to  control  sera  averaged 
only  4.5%  (37°C)  and  6.1%  (15°C). 

Additional  studies  are  being  performed  in  this  area  in  order  to 
determine  the  in  vivo  relevance  of  anti lymphocytotoxins  in  patients 
with  dengue  hemorrhagic  fever. 
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Table  93  Lymphocytotoxins  in  Acute  Dengue  Hemorrhagic  Fever 


%  Cytotoxicity  of  Normal  Adult  Allogenic  Lymphocytes 


Sample  Temperature 

37°C  15°C 


1 

8.5* 

23.5 

2 

4.5 

4.5 

3 

4.0 

6.0 

4 

7.0 

9.0 

5 

7.0 

42.0 

6 

7.0 

24.0 

7 

6.5 

27.5 

8 

7.0 

8.0 

9 

5.5 

12.5 

10 

8.5 

10.0 

11 

8.0 

51.0 

12 

7.5 

35.5 

* 

Percent:  Cytotoxicity  by  dye  exclusion 
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32.  Detection  of  Infectious  Virus  and  Viral  Antigens  in 
Tissue  Specimens  from  Fatal  Cases  of  DHF 

OBJECTIVE :  To  detect  viruses  and  viral  antigens  in  tissue 
specimens  from  fatal  cases  of  dengue  hemorrhagic  fever  (DHF) 
and  to  identify  the  infected  cell  types. 

BACKGROUND:  Dengue  viruses  are  rarely  recovered  from  autopsy 
materials  from  patients  dying  of  DHF.  In  1964  SEATO  Lab  workers 
were  able  to  isolate  dengue  virus  from  tissues  of  only  two  of 
169  fatal  cases  of  DHF  examined  (154).  However,  techniques  for 
isolation  of  dengue  viruses  from  clinical  materials  have  improved 
considerably  since  earlier  studies. 

A  body  of  evidence  is  growing  to  suggest  that  dengue  viruses 
replicate,  in  primates  primarily  within  the  reticuloendothelial 
system,  predominantly  within  macrophages  or  other  phagocytic 
cells.  Virus  and  viral  antigens  have  been  detected  circulating 
in  the  blood  in  a  variety  of  mononuclear  cells,  but  to  date 
identification  of  viral  antigen  in  human  tissues  has  not  been 
achieved,  and  the  cell  types  involved  have  not  been  identified. 

METHODS :  Fatal  Cases:  Four  fatal  cases  of  DHF  at  Children's  Hospital 
and  Ramathibodi  Hospital  during  1978  were  studied  (Table  94).  In 
three  of  the  four  cases  the  clinical  diagnosis  was  DHF,  and  in 
one  the  clinical  diagnosis  was  unclear,  with  Reye's  syndrome 
and  DHF  being  considered.  The  age  distribution  of  fatal  cases 
was  quite  different  from  the  age  distribution  of  non-fatal 
cases  seen  during  1978  at  Children's  Hospital;  three  cases  were 
in  infants  less  than  one  year  old  and  one  was  in  a  17  year  old. 

Case  477-78,  on  the  basis  of  a  high  fixed  hemagglutination 
inhibition  (HI)  antibody  titer,  was  serologically  assigned  a 
presumptive  diagnosis  of  DHF.  In  case  78-110  a  clear  four  fold 
HAI  titer  rise  was  not  observed,  but  the  detection  of  anti-dengue- 
2  IgM  antibodies  by  sucrose  density  gradient  fractionation  proved 
the  occurrence  of  a  recent  dengue  infection.  No  serum  was  obtained 
from  case  318-78;  the  anti-dengue  HAI  titer  in  case  319-78  was 
too  low  to  permit  sucrose  density  fractionation  for  detection  of 
IgM. 

In  cases  318-78,  319-78,  and  477-78,  autopsy  findings  were 
consistent  with  dengue  hemorrhagic  fever,  with  diffuse  cutaneous 
and  visceral  pettechia  and  hemorrhages  pericardial  and  pleural 
effusions,  and  ascites.  In  addition,  in  case  477-78,  jaundice  was 
present  and  the  liver  showed  "central  necrosis;"  a  test  for  HBsAg 
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Table  101  Evaluation  of  HAVAB  Comparative  Results  With  Other 
Anti-HAV  Assays 


Serum  or  plasma 
source 

AFRIMS 

HAVAB (R) 
Log1ri  titer 

Purcell 

NIH-IAHA 

Log, „  titer 

WRAIR 

SPRIA 

%Block 

Baylor 

SPRIA 

%Block 

Chimp  173  pre 

<1.3 

1.0 

0 

Chimp  267  pre 

<1.3 

1.0 

0 

- 

Ex  353 

<1.3 

- 

0 

0 

Ex  272 

<1.3 

- 

0 

18 

Ex  337 

<1.3 

- 

0 

36 

Chimp  173  post 

3.7 

3.3 

74 

- 

Chimp  267  post 

3.7 

3.6 

69 

- 

Smith  (AK  003) 

4.9 

4.2 

74 

98 

LEE  (AK  005) 

4.2 

4.3 

71 

- 

Bennett  (AK  059) 

3.9 

3.6 

80 

98 

HYLTON  (AK  019) 

4.5 

3.6 

71 

- 

WHO  Ref  A 

4.8 

4.8* 

B 

4.3 

4.5* 

C 

3.4 

3.1* 

D 

4.3 

4.2* 

E 

4.2 

4.6* 

F 

5.5 

4.5* 

LOCAL  ISG 

Hyland 

4.6 

Metabolic,  Inc. 

4.6 

*  Log^Q  of  reciprocal  dilution  of  50%  blocking  end  point 
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COUNTS  PER  MINUTE 


Figure  64  Graph  of  Counts  per  minute  versus  Dilution  of  Chimpanzee 
or  Human  Plasma  or  Serum  in  HAVAB  (R) 


> 
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METHODS :  A  battery  of  17  serum,  plasma,  and  globulin  specimens 
were  provided  by  MU  Stanley  Lemon,  Department  of  Virus  Diseases, 
Walter  Reed  Army  Institute  of  Research  (WRAIR) .  Characteristics 
of  the  specimens  are  presented  in  Table  100. In  addition,  samples 
of  two  lots  of  immune  serum  globulin  were  obtained  from  the 
Health  Clinic  at  the  U.S.  Embassy  in  Thailand  (Hyland  ISG,  Lot 
#  0632#002AA;  and  Metabolic  Incorporated  ISG  Lot  M  8324).  The 
HAVAB  (R)  assay  (a  blocking  solid  phase  radioimmuno  assay)  was 
performed  according  to  the  Manufacturer's  recommendation  with¬ 
out  modification. 

RESULTS :  Graphs  of  the  raw  counts  per  minute  (CPM)  obtained 
with  serial  ten-fold  dilutions  of  positive  specimens  are  shown 
in  Figures  6^and  65.  Note  that  in  the  HAVAB  system  the  lowest 
dilution  of  serum  (or  plasma)  which  may  be  tested  is  1:20.  The 
titer  of  a  specimen  was  determined  as  that  point  where  the 
dilution  versus  CPM  curve  intersected  the  cut-off  value. 

The  logiQ  of  the  reciprocal  of  the  HAVAB  (R)  titers  are 
presented  in  Table  1'Olalong  with  similar  data  obtained  by  other 
laboratories  using  different  assays  on  the  same  specimens.  (Data 
provided  by  MAJ  Lemon) . 

37.  Age-Specific  Prevalence  of  Anti-Hepatitis  A  Virus 
Antibody  in  Thailand 

OBJECTIVE :  To  determine  the  age-specific  prevalence  uf  anti-HAV 
antibodies  in  healthy  Thais. 

INTRODUCTION :  In  the  few  developing  countries  thus  far  studied, 
most  life-long  residents  become  infected  with  the  hepatitis  A 
virus  (HAV)  before  reaching  adulthood  (162,  163).  We  report 
here  our  observations  on  the  age-specific  prevalence  of  antibody 
to  hepatitis  A  (Anti-HAV)  in  three  geographically  defined 
populations  of  healthy  Thais. 

METHODS:  Study  Populations:  Three  populations  were  studied, 
each  of  which  had  previously  been  the  subject  of  epidemiologic 
studies  by  this  Institute. 

1.  Huay  Khwang  District  (Bangkok):  In  1971-73,  random 
households  in  a  low  income  housing  project  were  selected  for 
investigations  of  the  epidemiology  of  hepatitis  B  virus 
infections  (164).  Of  the  687  original  subjects,  serum  specimens 
were  available  from  569  (83%  of  the  original  population). 
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From  a  list  of  subjects  with  available  specimens,  subjects 
were  stratified  by  age  and  a  sample  was  chosen  at  random  so 
that  approximately  20  sera  were  tested  for  each  two  year  age 
group  less  than  15  and  each  five  year  age  group  over  15.  The 
total  number  of  specimens  tested  was  308.  Ninety  percent  of 
the  specimens  tested  were  drawn  from  blood  sample  taken  between 
20  July  and  10  October  1971  and  10%  were  from  samples  taken 
between  10  April  and  9  June  1972. 

2.  Ban  Tablan:  In  late  1976,  an  attempt  was  made  to  obtain 
blood  specimens  from  all  of  the  residents  of  a  relatively  isolated 
rural  village  approximate ’y  250  km  north  west  of  Bangkok,  again 
for  studies  of  hepatitis  B  virus  (165) .  Of  the  total  population 
of  1,014,  blood  specimens  were  obtained  from  774  individuals 
(76%  of  the  population).  From  these  sera,  specimens  were  chosen 
at  random  to  obtain  approximately  15-'20  specimens  for  testing 
from  each  age  bracket.  The  total  number  of  specimens  tested 
was  206. 


3.  Phibunprachasan  School,  Din  Daeng  District  (Bangkok): 

In  1977,  a  survey  of  togavirus  and  hepatitis  B  virus  infections 
was  made  at  a  lower-middle  class  public  school  in  Bangkok  (23). 
Blood  specimens  were  obtained  from  1,977  children,  98%  of  the 
school  population.  From  each  2-year  age  group,  approximately  40 
sera  were  chosen  at  random  for  testing.  The  total  number  of 
specimens  tested  was  232.  All  serum  specimens  had  been  preserved 
frozen  at  -20°C  until  tested. 

Anti-HAV  testing:  A  commercial  solid  phase  competition  I125 
radioimmunoassay  kit  was  used  (HAVAB  (R) ,  Abbott  Laboratories)  in 
accordance  with  the  Manufacturer ’s  recommendations.  For  titering, 
serial  10  fold  dilutions  of  serum  were  made  in  phosphate  buffered 
saline  without  added  protein. 

Anti-HBs  and  HBsAg  testing:  Sera  were  assayed  for  evidence  of 
previous  hepatitis  B  virus  infection  with  commercial  kits 
(AUSAB  (R)  and  AUSRIA-II  (R)  ,  Abbott  Laboratories). 

Poliovirus  neutralizing  antibody  testing:  Sera  from  the  Huay 
Khwang  and  Phibunprachasan  collection  were  tested  for  neutraliza¬ 
tion  of  100-300  TCID50  prototype  poliovirus  types  1,  2  and  3  in 
Hela  cells.  Dilutions  of  sera  and  virus  were  incubated  together 
for  30  minutes  at  room  temperature  in  microtiter  plates.  Cell 
suspensions  were  inoculated  into  the  wells  with  the  serum-virus 
mixture  and  covered  with  a  layer  of  mineral  oil.  Plates  were 
incubated  at  37°C  and  endpoints  were  read  by  the  metabolic 
inhibition  method  on  days  five  to  seven.  Sera  with  titers  of  1:5 
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Figure  66  Age  Specific  Prevalence  of  Anti-HAV  in  Three 
Populations  of  Healthy  Thais. 
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Serum  polio  neutralizing  antibody  titer  >1:5  for  all  three  polio  types. 
Scrum  polio  neutralizing  antibody  titer  -^.1:5  for  a  least  one  polio  type 
Either  HBsAg  or  anti-HBs  detectable  in  serum. 


were  interpreted  as  negative  for  antibody  (166). 


RESULTS :  Age  specific  prevalence  of  anti-HAV  antibody:  The 
prevalence  of  anti-HAV  serum  antibody  in  the  three  populations 
studied  is  presented  in  Figure  66.  The  age  at  which  approximately 
50%  prevalence  was  attained  was  four  to  five  years  for  Huay  Khwang 
residents,  8  to  9  years  for  Ban  Tablan  village  residents,  and  10 
to  11  years  for  Phibunprachasan  school  children.  After  age  15, 
the  antibody  prevalence  approached  100%  in  all  three  populations. 
Antibody  prevalence,  or  more  specifically,  the  prevalence  of  the 
lack  of  antibody  did  not  appear  to  be  either  family  or  household 
associated.  In  the  three  populations,  there  was  no  apparent 
difference  in  the  age-specific  antibody  prevalence  between  males 
and  females. 

Anti-HAV  antibody  in  adults  and  children:  .Ninety-four  percent 
of  adults  (16  years  of  age  or  older)  tested  from  Ban  Tablan  were 
antibody  positive  (51/54),  as  were  98%  (159/163)  of  adults  from 
the  Huay  Khwang  district.  Determination  of  the  anti-HAV  antibody 
titer  of  all  positive  serum  specimens  from  young  children  (less 
than  eight  years  old)  and  12  positive  specimens  from  adults  (more 
than  40  years  old)  from  Huay  Khwang  showed  geometric  mean  titers 
(mean  *  S.D.)  of  1:700  +  130  for  children  and  1:240  +  70  for  adults. 

Anti-HAV  prevalence  and  anti-poliomyelitis  virus  prevalence: 

Among  five  year  olds  in  the  Huay  Khwang  population,  the  percent  of 
children  with  neutralizing  antibodies  to  polio  types  1,  2  and  3 
were  74%,  95%,  and  80%  respectively,  and  among  five  year  olds  at 
the  Phibunprachasan  School  the  comparable  percentages  were  82%, 

87%  and  84%.  Table  102  compares  the  age-specific  prevalence  of 
anti-HAV  for  children  with  antibody  to  all  three  poliovirus  types 
with  that  for  children  lacking  antibody  to  one  or  more  poliovirus 
types.  There  is  no  detectable  difference. 

Anti-HAV  prevalence  and  HBV  marker  prevalence:  Table  102 presents 
the  prevalence  of  anti-HAV  in  relation  to  previous  exposure  to 
hepatitis  B  virus  (HBV)  for  children  two  to  nine  years  of  age  in 
the  Huay  Khwang  and  Ban  Tablan  populations.  There  is  no 
difference  in  prevalence  of  anti-HAV  between  those  with  previous 
exposure  to  HBV  and  those  without  exposure. 

38.  Susceptibility  of  Gibbons,  Rhesus  Monkeys,  and 

Cynomologous  Monkeys  to  Infections  with  the  Hepatitis 
A  Virus  (HAV) 
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OBJECTIVES: 


1.  To  determine  if  gibbons,  rhesus  monkeys,  and  cynomologous 
monkeys  have  naturally  acquired  circulating  serum  antibodies  to 
human  HAV. 

2.  To  determine  which  if  any  of  these  species  could  be  used 
as  an  experimental  model  for  HAV  infection. 

BACKGROUND :  Anti-HAV  activity  has  been  detected  in  serum  specimens 
from  several  primate  species.  Miller  et  al . Cl 67)  detected  anti -HAV 
by  the  immune  adherence  method  in  14  of  23  chimpanzees,  9  of  40 
grivets,  1  of  17  rhesus,  0  of  6  baboons,  0  of  1  gibbons,  and  0 
of  82  marmosets.  Purcell  et  al.  (168)  detected  anti-HAV  by  the 
immune  electron-microscopy  method  in  8  of  8  jungle-caught 
chimpanzees,  0  of  16  colony -born  chimpanzees,  4  of  12  rhesus, 

4  of  4  patus  monkeys,  1  of  5  African  green  monkeys,  0  of  4  baboons, 
and  0  of  14  coebus  monkeys.  Before  the  development  of  serologic 
tests  for  HAV,  it  had  been  determined  that  only  marmosets 
and  chimpanzees  were  good  models  of  acute  infection  with  HAV  (169). 

The  finding  of  antibody  to  HAV  in  other  primate  species  suggests 
that  perhaps  these  species  also  are  susceptible  to  infection. 

METHODS :  Serum  specimens  were  obtained  from  6  gibbons,  10 
cynomologous  monkeys ,  and  92  rhesus  mohkeys  >_aged  at  the  AFRIMS 
Veterinary  Medicine  facility.  The  history  of  each  primate  was 
reviewed  to  determine  if  the  animal  was:  (1)  colony  born  or  wild 
captured  (2)  individually  caged 'or  gang  caged.  Specimens  were 
tested  for  anti-HAV  by  the  HAVAB  (R)  solid  phase  competition 
radioimmunoassay.  The  sera  of  two  rhesus  monkeys  was  pre¬ 
cipitated  by  addition  of  ammonium  sulfate  to  33%  saturation,  the 
precipitate  resuspended  in  PBC  and  dialyzed  against  PBS. 

RESULTS :  Results  of  anti-HAV  screening  of  AFRIMS  primate  sera 
are  presented  in  Table  103. Overall  2/6  (33%)  of  gibbons,  6/10 
(60%)  of  cynomologous  monkeys,  and  13/92  (14%)  of  rhesus  monkeys 
had  detectable  anti-HAV  activity  in  their  sera.  Mean  %  blocking 
for  positive  specimens  for  each  species  were  76%,  95%,  and  87% 
respectively,  well  above  the  cut-off  value  of  the  test  of  50%. 
Aranonium  sulfate  precipitation  of  two  rhesus  sera  showed  that 
blocking  activity  was  associated  with  the  protein  globulin  fraction 
in  both. 

Historical  data  of  individual  antibody  positive  and  antibody 
negative  primates  suggests  (1)  that  gibbons  and  perhaps  rhesus 
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Table  103  Anti-HAV  in  AFRIMS  Primates  -  1979 


Rearing  History  Caging  History 


Species 

Colony  born 

Captured 

Individual 

Gang 

Total 

Gibbon 

0/4 

2/2 

2/6 

0/0 

2/6(33%) 

Cynomologous  5/5 

1/5 

0/0 

6/10 

6/10(60%) 

Rhesus 

0/0 

13/92 

13/92 

0/0 

13/92(14%) 
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monkeys  can  contract  HAV  in  the  wild,  and  (2)  that  HAV  infection 
may  have  spread  through  the  colony  of  gang  caged  cynomologous 
monkeys. 

Currently,  challenge  studies  are  underway  in  which  animals  of 
each  species  have  been  inoculated  with  known  HAV  infectious  stool 
filtrates.  These  animals  are  being  followed  for  the  appearance 
of  liver  function  test  abnormalities,  antigen  shedding  in  the 
stool,  and  anti-HAV  antibody  response. 

39.  Evaluation  of  the  Staphylococcus  Protein  A  Absorption 
Method  for  Detecting  Anti-Hepatitis  A  Virus 
Immunoglobulin  ~M 


OBJECTIVE :  To  evaluate  the  Staphylococcus  Protein  A  absorption 
modification  of  the  HAVAB  (R)  solid  phase  competition  radio¬ 
immunoassay  as  a  method  for  detectinganti-HAV  IgM. 

BACKGROUND :  Establishing  a  laboratory  diagnosis  of  acute 
infection  with  the  hepatitis  A  virus  is  difficult.  In  most 
patients,  viral  excretion  in  the  stool  has  ceased  before  the 
appearance  of  jaundice,  and  frequently  the  serum  antibody  titer 
has  approached  peak  levels  by  the  time  the  patient  seeks  medical 
care,  so  that  demonstration  of  an  unambiguous  rise  in  titer  may 
not  be  possible  (170).  Research  efforts  have  therefore  been 
directed  toward  developing  assays  to  detect  IgM  antibodies  with 
anti-HAV  activity  as  presumptive  evidence  of  acute  infection. 

At  present  the  only  widely  available  assay  for  anti-hepatitis  A 
virus  antibody  is  a  commercial  solid  phase  radioimmunoassay 
(SPRIA)  based  on  the  competition  of  the  patient's  antibody  with 
labelled  anti-HAV  (competitive  binding  assay,  CBA) .  Three  basic 
methods  have  been  proposed  for  pretreating  sera  to  detect  evidence 
of  specific  acute  phase  antibodies  using  the  CBA  method: 

1.  Absorb  the  sera  with  staphylococcus  aureus  protein  A 
(SA  absorption)  to  remove  IgG  antibodies  and  demonstrate  residual 
non- absorbable  activity  in  the  absorbed  sera  (171). 

2.  Treat  the  whole  serum  with  2-mercaptoethanol  (2-ME)  to 
inactivate  IgM  and  demonstrate  a  decrease  in  activity  (172,  173). 

3.  Fractionate  the  serum  by  sucrose  density  gradient  ultra¬ 
centrifugation  and  assay  the  activity  of  the  19S  and  7S  fractions 
(174).  In  this  study  we  compared  the  SA  absorption  method  to  the 
other  two  methods  for  detecting  diagnostic  acute  phase  anti-HAV 
antibodies  in  serum  specimens  from  patients  with  acute  hepatitis. 


( 
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METHODS :  Screening  SPRIA  on  undiluted  serum:  Undiluted  sera  were 
screened  using  the  HAVAB  (R)  as  directed  by  the M anufacturer  with¬ 
out  modification.  Greater  than  50%  blocking  of  counts  was  taken 
as  evidence  for  specific  anti-HAV  antibodies  in  undiluted  sera. 

Serum  specimens:  Sixteen  acute  phase  serum  specimens  (obtained 
within  six  weeks  of  the  onset  of  symptoms)  were  selected  from  an 
acute  hepatitis  study  serum  bank.  All  serum  bank  specimens  had 
previously  been  assayed  for  HBsAg  (AUSRIA-II  (R)  Abbott 
Laboratories)  anti-HBs  (AUSAB,  (R) ,  Abbott  Laboratories)  total 
anti-HAV  activity,  and  anti-HAV  activity  before  and  after  SA 
absorption. 

Two  sera  lacking  anti-HAV  activity  by  screening  CBA  were  selected 
as  negative  controls.  Fourteen  sera  with  anti-HAV  in  unabsorbed 
sera  formed  the  study  battery:  in  seven  the  anti-HAV  could  be 
absorbed  out  by  SA  absorption  (Group  A)  while  in  seven  others  the 
anti-HAV  activity  was  not  removed  by  SA  absorption  (Group  N) . 

The  age  and  sex  of  the  patient,  day  of  illness,  HBsAg  status, 

%  blocking  with  undiluted  sera,  and  %  blocking  before  and  after 
absorption  of  a  1:15  dilution  of  the  specimen,  are  presented  in 
Table  104. 

Staphylococcal  protein  A  absorption  of  sera:  A  strain  of 
S.  aureus  was  kindly  provided  by  Dr.  Savanat  Tharavanij  at  the 
Faculty  of  Tropical  Medicine,  Mahidol  University.  The  staphylococci 
were  grown  for  24  hours  in  2  litre  volumes  of  trypticase  soy 
broth.  Whole  bacteria  were  prepared  for  absorption  of  sera  by 
heat  inactivation  and  formaldehyde  treatment  according  to  the 
method  of  Kessler  (175).  Before  absorption,  all  sera  were  diluted 
1:15  in  PBS  pH  7.4  regardless  of  the  percent  blocking  activity  in 
the  screening  CBA.  Absorption  of  an  aliquot  of  the  1:15  dilution 
of  serum  was  performed  according  to  the  method  of  Bradley  et  al. 

(171)  ,  except  that  sera  were  absorbed  twice.  Unabsorbed  and 
absorbed  aliquots  were  tested  for  percent  blocking  activity  by  the 
CBA  method. 

Sucrose  density  gradient  fractionation  of  sera:  Thawed  serum 
specimens  were  clarified  by  filtration  through  millipore  0.45 
micro  filters.  A  0.1  ml  specimens  was  layered  on  top  of  a  10-40% 
gradient  of  sucrose  in  a  5.0  ml  ultracentrifuge  tube  and  centri¬ 
fuged  for  18  hours  in  a  SW50  rotor  in  a  Beckman  L-350  ultracentrifuge 
at  35,000  rpm.  Five  drop  fractions  were  collected  by  piercing  the 
bottom  of  the  tube.  Fractions  were  tested  by  immunodiffusion 
against  anti-human  immunoglobulin  (Antibodies  Incorporated).  IgM 
was  always  confined  to  fractions  2,  3  and  4  and  these  were  pooled 
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to  form  the  "19S"  fraction.  IgG  and  IgA  were  confined  to 
fractions  6,  7,  8,  and  9  in  all  tubes;  these  fractions  were 
pooled  to  form  the  "7S"  fraction.  "19S"  and  "7S"  fractions  from 
each  serum  were  dialyzed  against  PBS  pH  7.S  for  24  hours,  then 
brought  to  l.S  ml  total  volume  with  PBS  so  that  each  immuno¬ 
globulin  was  at  a  1:15  dilution  compared  to  the  original  serum 
concentration. 

SA  absorption  of  unfractionated  serum  and  19S  and  7S  fractions : 
Aliquots  of  a  1:15  dilution  of  whole  serum  in  PBS  and  the  1:15 
dilutions  of  19S  and  7S  protein  were  absorbed  twice  with  staphy¬ 
lococci.  Absorbed  and  unabsorbed  aliquots  were  tested  for 
blocking  activity  in  the  CBA. 

2-ME  treatment  of  unfractionated  serum  and  19S  and  75  fractions: 

To  0.2  ml  aliquots  of  1:15  dilutions  of  serum,  19S  antibody  and 
7S  antibody,  14  microliters  of  a  10%  dilution  of  2-mercaptoethanol 
in  distilled  water  (wt/wt)  were  added,  to  give  a  final  concentra¬ 
tion  of  0.1  molar  2-ME.  After  mixing  and  incubating  for  1  hour, 
the  treated  and  untreated  aliquots  were  assayed  for  CBA  blocking 
activity.  No  attempt  was  made  to  dialyze  away  excess  2-ME;  we 
assumed  that  the  1:20  dilution  of  the  specimen  in  the  first  step 
of  the  HAVAB  (R)  assay  would  adequately  dilute  the  2-ME. 

Diagramatic  summary  of  protocol:  Figure  67  is  a  diagramatic 
summary  of  the  protocol. 

Statistical  analysis  of  data:  P  values  were  assigned  to 
differences  in  sample  means  between  untreated  and  treated  serum 
and  serum  fraction  groups  using  Student's  t  test  for  paired 
observations  (176). 

RESULTS :  Results  are  presented  in  tabular  form  in  Table  105 
in  graphic  form  in  Figure  68. 

In  describing  the  staph  absorption  technique  for  detecting  acute 
phase  anti-HAV  antibodies,  Bradley  et  al  (171)  expressed  their 
results  as  the  ratio  of  (raw  CPM  absorbed/raw  CPM  unabsorbed). 

With  unfractionated  sera  they  found  a  ratio  <2.0  only  in  acute 
sera  and  not  in  convalescent  specimens.  However,  to  achieve 
consistent  results  each  serum  specimen  required  variable  and  unique 
dilution  before  absorption. 

We  believe  that  this  variable  dilution  step  was  unnecessary.  By 
calculating  the  results  as: 
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Controls  Group  A  Group  N 


Table  105  Percent  Inhibition  by  Serum  and  S#rum  Fractions  in 
HAVAB  (R)  (%  Inhibition  =  XNC-Test)a 

XNC-XPC 


Unfractionated  7S  19S 

Serum  Fraction  Fraction 


Serum  # 

UN 

SA 

ME 

UN 

SA 

ME 

UN 

SA 

ME 

63064 

61 

52 

48 

39 

36 

34 

58 

41 

32 

64037 

80 

71 

65 

66 

40 

54 

36 

42 

18 

63960 

73 

57 

43 

44 

31 

37 

50 

37 

21 

64024 

64 

57 

41 

31 

21 

26 

46 

38 

14 

62959 

68 

58 

45 

25 

■  12 

28 

28 

24 

24 

64036 

79 

68 

58 

S3 

37 

40 

48 

39 

12 

64053 

77 

16 

73 

68 

08 

73 

00 

6 

24 

63062 

57 

06 

35 

22 

00 

32 

14 

21 

34 

63114 

84 

31 

82 

62 

13 

62 

04 

06 

11 

63080 

59 

05 

62 

32 

-11 

39 

15 

08 

20 

63162 

35 

06 

43 

28 

-21 

25 

16 

02 

06 

63233 

46 

12 

50 

18 

07 

11 

07 

04 

18 

64004 

52 

-09 

56 

37 

23 

39 

-04 

00 

05 

63247 

-02 

05 

22 

17 

12 

04 

-02 

03 

21 

63285 

12 

29 

10 

16 

03 

16 

08 

10 

23 

a.  XNC=mean  negative  control  counts  per  minute 

XPC=mean  positive  control  counts  per  minute 

Test=mean  counts  per  minute  in  test  using  specified 
serum  fraction 
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Acute  serum  specimen 
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Group  A  Sero  Group  N  Sr 


UN  SA  ME 


UN  SA  ME 


UN  SA  ME 


is 

»  a  40 

$2 


IS  20 


UNFRACTIONATED 


UN  SA  ME 
m7S"  FRACTION 


UN  SA  ME 
"|9S"  FRACTION 


Figure  68  Graph  of  activity  [%  blocking)  of  unfractionated 
sera,  7S  fractions,  and  19S  fractions  from  sera  with  SA  absorbable 
activity  (Group  A)  versus  sera  with  activity  not  removed  by  SA 
absorption  (Group  N)  A.  Group  N,  unfractionated  sera.  B.  Group  N, 
7S  fraction  C.  Group  N,  19S  fraction. D.  Group  A,  unfractionated 
sera  E.  Group  A,  7S  fraction. F.  Group  A,  19S  fraction.  UN  = 
untreated;  SA  =  absorbed  with  staphylococcus  aureus;  ME  =  treated 
with  2-mercaptoethanol .  Mean  +/-  one  standard  deviation  graphed. 

P  values  calculated  for  difference  between  treated  specimens 
(either  SA  or  ME  treated)  and  untreated  specimens. 
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Figure  69.  Histogram  of  distribution  of  acute  sera  according  to  the  proportion  of 
blocking  activity  remaining  after  SA  absorption.  Negative  ratios  denote 

control*  sera"  ^  CPM  ^  absorbed  sera  were  greater  than  in  negative 


%  inhibition:  absorbed 


( CPM : NC-CPM :  test  absorbed! 

CPM.-NC-CPM;  PC)  ’  - - 

(CPM: NC-CPM:  test  unabsorhec 
( CPM : MC-CPM :  PC) - 


r™rprCmr™C!'^S  PeT  ™1nute:  CPM:NC  -  CPM  with  negative  control  sera; 
CPM. PC  -  CPM  with  positive  control  sera. 

1  335 


(CPMNC-CPM  test  absorbed) 

(%  inhib  absorbed)  =  (CPMNC-CPM  PC) 

(%  inhib  unabsorbed)  (CPMNC-CPM  test  unabsorbed) 

(CPWC-CPM  PC) 

We  found  that  we  could  follow  a  set  procedure,  including  a  fixed 
pre-absorption  dilution,  and  still  clearly  separate  IgM  positive 
and  IgM  negative  sera. 

Sera  selected  on  the  basis  of  non-absorbability  of  activity 
(Group  N,  inhibition  ratio  _>  0.5)  fractionated  into  7S  and  19S 
fractions  with  64  +_  18%  and  62  +_  18%  respectively,  of  the  blocking 
activity  of  whole  serum,  while  sera  with  absorbable  activity 
(Group  A,  inhibition  ratio  <0.5)  fractionated  into  7S  and  19S 
fractions  with  64  +_  20%  and  17  +_  i7%  respectively.  That  the  19S 
activity  in  the  Group  N  sera  was  due  to  IgM  was  proven  by  its 
sensitivity  to  treatment  with  2-ME;  2-ME  treatment  had  no  effect 
on  the  7S  fractions. 

In  agreement  with  the  results  by  Pastore  et  al  (172)  and 
Girardet  et  al  (175),  treatment  of  whole  serum  with  2-ME  produced 
a  decrease  in  activity  of  specimens  in  group  N  but  not  of  those 
in  group  A.  However,  the  magnitude  of  the  decrease  in  th^ 
activity  of  group  N  sera  produced  by  2-ME  treatment  (27  _+  10%) 
was  less  than  that  produced  by  staph  absorption  of  group  A  sera 
(84+12%). 

We  initially  thought  that  most  of  the  activity  in  the  group  N  sera 
not  inactivated  by  2-ME  was  probably  IgG;  however,  considerable 
activity  remained  in  the  7S  fraction  of  the  group  N  sera  even 
after  SA  absorption,  while  SA  absorption  of  the  7S  fraction  of 
group  A  sera  almost  completely  removed  activity  (36  +_  18% 
removed  vs  81  +_  24%  removed).  As  determined  by  immunodiffusion; 
both  IgG  and  IgA  were  present  in  our  7S  fractions;  the  non¬ 
absorbable  7S  activity  may  be  due  to  either  IgA  or  to  a  high 
concentrations  of  non-absorbable  IgG  (?IgGj)  anti-HAV  in  acute 
sera  from  patients  with  HAV  virus  infections. 

Using  the  staph  A  absorption  method  with  a  fixed  dilution  of  serum 
before  absorption, we  have  now  examined  samples  of  anti-HAV 
positive  blood  from  over  200  patients  with  acute  hepatitis.  A 
histogram  of  the  distribution  of  patients  according  to  the  ratio 
(%  inhibition  absorbed/%  inhibition  unabsorbed)  is  presented  in 
Figure  69.  The  distribution  is  clearly  bimodal  adding  further 
proof  that  the  SA  absorption  modification  of  the  CBA  does  crisply 
differentiate  between  sera  with  acute  versus  chronic  anti-HAV  activity. 

-  > 


1336 


40.  Determination  of  the  Etiology  of  Acute  Hepatitis 
Infections  in  Bangkok:  A  Pilot  Study 

OBJECTIVES: 

1.  To  estimate  the  relative  incidence  of  clinically  diagnosed 
acute  hepatitis  due  to  virus  types  A,  B,  and  Non  A-Non  B. 

2.  To  collect  clinical  specimens  from  cases  of  acute 
hepatitis  to  be  used  as  sources  of  antigen  and  antibody  in  the 
development  of  diagnostics  tests  for  hepatitis  A  and  Non  A-Non  B. 

BACKGROUND :  In  1971,  a  year-long  survey  of  the  role  of  Hepatitis 
B  virus  in  acute  hepatitis  in  Bangkok  was  conducted  (177).  Over 
most  age  ranges,  HBsAg  was  detected  by  CIE  in  approximately 
40-50%  of  serum  specimens  from  patients.  As  the  CIE  method  used 
has  been  shown  to  detect  HBsAg  in  80-90%  of  cases  of  hepatitis 
due  to  Hepatitis  B  virus,  it  is  reasonable  to  estimate  that 
overall  50-60%  of  cases  of  acute  hepatitis  were  due  to  the 
hepatitis  B  virus. 

Recently  we  determined  the  age-specific  prevalence  of  antibody  to 
hepatitis  A  in  a  Thai  population,  using  a  sensitive  commercially 
available  radioimmunoassay;  98%  of  serum  specimens  in  a  random 
sampling  of  adults  from  the  metropolitan  Bangkok  area  were  positive 
for  antibody  to  hepatitis  A. 

Based  on  these  data,  it  is  likely  that  the  vast  majority  of 
adults  resident  in  Bangkok  are  immune  to  Hepatitis  A  by  virtue 
of  childhood  infection. 

The  availability  of  a  sensitive  test  for  IgM  antibodies  to 
hepatitis  A  (staph  aureus  absorption  modification  of  HAVAB)  now 
allows  us  to  define  the  relative  incidence  of  acute  viral  hepatitis 
due  to  hepatitis  viruses  A,  B,  and  (by  exclusion)  NonA-Non  B.  There 
is  no  reason  to  believe  that  the  role  of  hepatitis  B  virus  has 
significantly  changed  over  the  past  7  years;  it  is  probable  that 
50-60%  of  cases  are  still  due  to  hepatitis  B.  Further,  as  almost 
all  adults  are  immune  to  hepatitis  A  virus,  it  is  reasonable  to 
predict  that  Hepatitis  Non  A-Non  B  may  be  an  important  cause  of 
acute  hepatitis  among  adults  in  Bangkok. 

MATERIALS  AND  METHODS:  Clinical:  A  target  of  200  cases  of  acute 
hepatitis  was  set  for  this  pilot  study.  Clinical  cases  were 
sought  from  throughout  the  greater  Bangkok  area  during  the  period 
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1  November-31  May  1979.  Letters  requesting  assistance  in 
collecting  clinical  materials  were  sent  to  12  Bangkok  physicians 
known  to  have  an  interest  in  clinical  management  of  hepatitis. 
All  cases  clinically  diagnosed  as  acute  viral  hepatitis  by  these 
referring  physicians  were  included  in  this  study.  Specific 
criteria  (e.g.  total  bilirubin  2.0,  etc.)  were  not  set;  rather 
the  diagnosis  rested  entirely  on  the  judgement  of  the  referring 
physician.  The  following  clinical  specimens  were  collected  from 
each  patients : 


Specimens 


Day  0: 

Day  14-30: 
Day  30-90 


Serum  #1  and  stool 
Serum  #2 
Serum  #3 


On  the  day  that  a  specimen  was  to  be  collected  the  referring 
physician  called  the  investigators  at  the  Department  of  Virology, 
AFRIMS,  who  in  turn  dispatched  a  nurse's  aid  to  collect  the 
specimen  on  that  day. 

At  the  time  of  diagnosis  (Day  0)  and  the  time  of  the  second 
convalescent  blood  specimen  the  referring  physician  was  requested 
to  fill  out  a  short  questionnaire. 

Laboratory:  All  acute  sera  were  tested  for  the  following:  (1) 
HBsAg  by  CIE  and  AUSRIA-II  (R)  (2)  HBs  Antibody  by  AUSAB  (3) 

Hep -A- Antibody  by  HAVAB  (R)  (4)  Anti-HAV  IgM  by  the  staph  aureus 
absorption  modification  of  the  HAVAB. 

As  a  minimum,all  convalescent  sera  were  tested  for  the  following: 
(1)  Anti-HBs  by  AUSAB  (2)  Heterophile  antibodies  by  Monocheck 
(R)  (Hyland) . 

RESULTS :  Two  hundred  and  forty-six  patients  with  acute  hepatitis 
were  entered  in  the  study.  The  age  distribution  both  of  the  total 
population  studied  and  by  individual  referring  hospital  is  shown 
in  Figure  70.  The  large  peak  at  age  20-21  probably  reflects  the 
mean  age  of  the  military  patient  populations  at  two  of  the 
referring  hospitals. 

Laboratory  studies  are  completed  on  serum  specimens  from  223 
patients.  The  etiology  of  acute  hepatitis  by  5  years  age  groupings 
is  presented  in  Table  106.  The  general  pattern  suggests  that  HAV 
is  the  etiologic  agent  of  most  acute  hepatitis  in  children  under 
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Table  106  AFRIMS  Acute  Hepatitis  Study:  5  Year  Age  Groupings 


Years  Total  patients  - 

of  age  in  age  group  HAV 


Evidence  for  active  infection  with: _ 

HBV  HAV  and  HBV  NON  A-NON  B 


0-4 

18 

11(61%) 

4(22) 

2(11) 

1(06) 

5-9 

36 

28(78) 

0(0) 

3(08) 

5(14) 

10-14 

27 

17(63) 

5(19) 

1(04) 

4(15) 

15-19 

21 

3(14) 

7(33) 

3(14) 

8(38) 

20-24 

66 

13(20) 

41(62) 

1(02) 

11(17) 

25-29 

21 

6(29) 

9(43) 

0(0) 

6(29) 

30  + 

34 

4(12) 

15(44) 

0121 

15(44) 

223 

82(37) 

81 (36) 

10(05) 

50(22) 

( 
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Table  107  AFRIMS  Acute  Hepatitis  Study:  Mortality  by  Virus  Type 


#Fatal/ 


Virus  type 

Total 

%Fatal 

Age  of  fatal  cases 

HBV 

4/81 

5% 

(57,  61,  21,  46) 

HAV 

0/82 

0% 

- 

NANB 

5/50 

10% 

(6,  78,  56,  11,  62) 

HAV  +  HBV 

0/10 

0% 

- 

Not  complete 

2 

- 

(9/12,  2) 
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15  years  old;  that  HBV  is  the  most  important  course  in  the  young 
adult  population;  and  that  HBV  and  HNANB  are  predominant  in  older 
adults. 

Overall  11  of  the  246  studied  cases  were  fatal.  Fatalities  tended 
to  occur  at  the  extremes  of  age  (4  death  <_  11  yo.,  1  death  12-45 
yo,  6  death  >  46  yo) .  Fatality  rates  for  each  type  of  hepatitis 
are  shown  in  Table  10  7. 

A  more  detailed  prospective  study  of  all  patients  presenting  to 
the  Pramongkutklao  Royal  Thai  Army  Hospital  with  a  diagnosis  of 
acute  hepatitis  is  currently  underway. 

41.  Simultaneous  Infection  with  Hepatitis  A  Virus  (HAV) 
and  Hepatitis  B  Virus  (HBV) 

OBJECTIVE:  To  identify  and  describe  the  laboratory  findings 
in  cases  of  acute  hepatitis  in  which  there  is  evidence  for 
simultaneous  infection  with  HAV  and  HBV. 

BACKGROUND :  Both  HAV  and  HBV  are  endemic  in  Bangkok.  Essentially 
100%  of  adults  show  evidence  of  previous  infection  with  HAV; 

5-10%  of  native  Thais  of  all  age  groups  are  carriers  of  HBV  and 
an  additional  50%  of  antigen-negative  adults  have  anti-HBs. 

On  the  basis  of  these  facts,  we  reasoned  that  dual  infections 
with  both  HAV  and  HBV  are  probably  not  unusual  in  Bangkok.  As 
most  research  work  on  HAV  has  been  conducted  in  developed  countries 
where  incidence  rates  of  hepatitis  are  much  lower  than  in  Bangkok, 
human  cases  of  simultaneous  infection  have  been  infrequently 
reported  (178).  In  the  laboratory,  an  experimental  chimpanzee 
which  was  reported  to  have  had  an  inadvertent  infection  with  both 
viruses,  developed  an  unusually  severe  illness  (179).  In  the 
c.  "•«  of  our  preliminary  acute  hepatitis  protocol,  we  tested 
serum  specimens  from  patients  for  evidence  of  infection  with 
HAV  and/or  HBV. 

Overall  results  are  presented  elsewhere  in  this  Annual  Report. 

Ten  cases  were  found  with  suggestive  evidence  of  simultaneous 

HAV  and  HBV  infection;  reported  here  are  five  well  documented  cases. 

METHODS :  Acute  sera  from  223  patients  with  acute  hepatitis  were 
screened  for  evidence  of  anti-HAV  IgM  by  the  staph  absorption 
modification  of  the  HAVAB(R)  solid  phase  competition  radioimmuno¬ 
assay  (SA-CBAM) .  Acute  and  convalescent  sera  were  screened  for 
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HBsAg  by  CIEOP  and  SPRIA  (AUSRIA-II  (P))  and  for  anti-HBs  by  CIEOP 
and  SPRIA  (AUSAB  (R)).  Acute  and  convalescent  serum  specimens 
from  patients  that  showed  evidence  of  recent  or  current  infection 
with  both  HAV  and  HBV  were  further  analyzed  by  sucrose  density 
gradient  fractionation.  IgM  positive  fractions  for  each  specimen 
were  pooled  and  dialyzed  against  PBS  as  were  IgG  positive 
fractions.  After  centrifugation  and  dialysis,  immunoglobulins 
were  at  a  1:4  dilution  of  their  original  serum  concentration.  Each 
fraction  pool  was  then  run  in  the  HAVAB  (R)  SPRIA  with  or  without 
2-mercaptoethenol  (2-ME)  at  a  final  concentration  of  0.1M.  To 
be  included  in  this  series  each  case  required,  as  a  minimum,  the 
following  laboratory  proof  of  diagnosis: 


DIAGNOSIS  REQUIREMENT 


Acute  HAV 

1. 

SA-CBAM  assay  positive  on 
acute  serum  and 

2. 

19S  fraction  of  acute  serum 
shows  2-ME  labile  activity 
in  HAVAB 

HBV 

1. 

HBsAg  (AUSRIA-II)  positive 
in  acute  serum  and 

2. 

Anti-HBs  (AUSAB)  or  HBsAg 
(AUSRIA-II)  positive  in 
convalescent  serum. 

RESULTS :  Laboratory  tests  done  to  establish  evidence  of  con¬ 
current  infection  with  HAV  and  HBV  are  presented  above.  Of 
the  five  cases,  three  appear  to  have  occurred  in  chronic  HBs  Ag 
carriers,  while  in  two  cases  acute  infection  occurred  simultaneously 
with  both  viruses.  The  clinical  histories  as  recorded  on  the 
protocol  questionaire  forms  of  these  five  patients  were  not 
extraordinary.  None  of  the  patients  died,  and  none  had  evidence 
of  pre-coma.  Further  details  have  been  requested  from  the 
attending  physicians. 

42.  Epidemiologic  Investigation  of  Cases  of  Acute  Hepatitis 
Among  Troops  of  the  Thanarat  Army  Base,  30  Oct-2  Nov  78 

OBJECTIVE :  To  conduct  epidemiological  studies  of  the  etiology 
and  mode  of  transmission  of  cases  of  acute  hepatitis  at  the 
Thanarat  Army  Base,  and,  based  on  the  findings,  to  make  recommenda¬ 
tions  for  hepatitis  control. 
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BACKGROUND:  On  3rd  October  1978,  COL  Wittoon,  Dr.  Rapin  and 
MAJ  Burke  met  at  AFRIMS  to  discuss  collaborative  laboratory  and 
epidemiologic  investigations  aimed  at  curtailing  an  apparent 
epidemic  of  acute  hepatitis  at  the  Thanarat  Army  Base.  After 
obtaining  authorization  for  collaborative  investigations,  COL 
Wittoon  invited  a  field  research  team  to  the  Thanarat  Army  Base 
for  the  period  30  Oct-2  Nov  1978. 

The  Thanarat  Army  Base  is  located  in  the  town  of  Pranburi  in  the 
Province  of  Prachuap  Khiri  Khan,  about  250  kilometers  south  of 
Bangkok  on  the  Gilf  of  Thailand  at  the  mouth  of  the  Pranburi 
River.  The  civilian  population  of  Amphur  Pranburi  is  approximately 
90,000.  Income  is  derived  from  agriculture  (growing  pineapple, 
sugar  cane,  and  coconuts)  and  from  fishing. 

Four  battalion-sized  units  are  billeted  at  the  Thanarat  Army  Base. 
Three  are  infantrv  units,  while  one  is  a  special  school  not  within 
the  Infantry  Crops  command  structure  (Figure  7i).  Although  data 
in  unit  strength  was  made  available  to  the  epidemiologic  team  for 
purposes  of  analysis  this  information  will  not  be  reported  here 
for  reasons  of  security.  The  four  units  are: 

I.  Infantry  Combat  Battalion.  This  unit  is  comprised  of  men  who 
have  completed  infantry  training.  This  battalion  is  mobile  and 
has  spent  most  of  the  past  two  years  in  combat  with  insurgents  in 
the  southern  provinces  if  Thailand. 

II.  Infantry  NC0  School.  Until  recently,  this  battalion-sized 
unit  had  the  function  of  providing  a  one-year  course  >i  specialized 
infantry  training  for  men  who  had  already  completed  one  year  of 
general  NCO  training  (2nd  year  students).  However,  due  to  a 
shortage  of  infantry  NCO's,  this  year  a  special  intensive  course 
was  implemented  to  train  men  in  infantry  skills  who  have  had  no 
previous  NCO  training  (1st  year  tudents) .  A  support  company  is 
attached  to  this  unit. 

III.  Infantry  Center  Support  Battalion.  This  unit  is  comprised 
primarily  of  privates  who  provide  non-skilled  support  services 
for  the  Infantry  Center  (guards,  motor  pool,  headquarters,  staff, 
etc. ) . 


IV.  Permanent  NCO  School.  This  unit  has  no  specialized  infantry 
function,  and  does  not  faU  under  the  direct  Infantry  Corps  command 
structure.  The  permanent  NCO  school  is  a  base  tenant  organization 
that  teaches  cadets  (80%  directly  from  civilian  life,  20%  from  the 
ranks  of  enlisted  men  throughout  Thailand)  Basic  NCO  skills  (math, 
language,  basic  firearms,  cl...).  The  course  lasts  £<  r  one  year, 
and  graduates  usually  go  to  a  special  corps-specific  NCO  school 
for  a  second  year  of  training.  This  unit  has  a  support  company. 
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These  four  major  units  turn  over  personnel  at  different  rates  and 
at  different  times  of  the  year.  Personnel  in  the  Infantry  Combat 
Battalion  are  rotated  only  sporadically;  the  second  year  Infantry 
NCO  class  changes  100%  every  May;  the  intensive  first  year  course 
of  the  Infantry  NCO  school  began  with  its  first  class  in  August 
1978;  the  permanent  NCO  school  turns  over  100%  each  May;  and  the 
support  companies  and  the  Support  Battalion,  turn  over  approximate¬ 
ly  25%  of  their  personnel  every  May  and  November. 

These  personnel  rotations  are  diagrammed  in  Figure  72. 

Medical  care  facilities  available  at  the  Thanarat  Army  Base 
included  the  main  hospital,  with  its  two  small  satellite 
dispensaries,  and  an  administratively  separate  dispensary  at  the 
permanent  NCO  School.  Manpower  and  patient  beds  at  each  of  the 
facilities  are  summarized  in  Table  108.  Although  soldiers  at  the 
base  typically  seek  health  care  first  at  their  own  unit's 
dispensary,  all  facilities  are  open  to  all  soldiers,  so  that 
Infantry  School  Students  are  occasionally  hospitalized  at  the 
permanent  NCO  school  dispensary,  and  permanent  NCO  school  students 
are  also  occasionally  admitted  to  the  main  hospital.  The  more 
seriously  ill  patients  admitted  to  the  permanent  school  dispensary 
are  often  transferred  to  the  main  hospital  for  more  sophisticated 
treatment. 

As  the  nearest  provincial  hospital  is  30  kilometers  from  Pranburi, 
the  military  hospital  serves  as  a  major  provider  of  health  care  of 
the  civilian  community  as  well  as  the  military  population.  Nonc¬ 
es  less,  the  Pranburi  military  hospital's  primary  mission  is  to 
provide  comprehensive  health  care  for  the  active  duty  soldiers 
at  the  Base. 

METHODS:  Team  description:  The  AFRIMS  investigative  team 
consisted  of  three  physicians  (two  virologists  and  one  public 
health  specialist)  and  two  field  technicians.  On-site  support  was 
provided  by  the  medical  staffs  of  the  Infantry  Center  and  the 
Infantry  School.  Laboratory  support  was  provided  by  the  Department 
of  Virology,  AFRIMS. 

Personnel  Interviewed:  The  following  installation  personnel 
contributed  materially  to  the  investigation: 

Post  Commanding  Officer 

Post  Deputy  Commanding  Officer 

Assistant  Chief  of  Staff-Intelligence 

Post  Surgeon 
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Chief,  Facilities  Engineers 

Infantry  School  Surgeon 

Post  Environmental  Health  Officer 

Case  Ascertainment:  From  the  hospital  and  dispensary  census 
registries  a  list  was  prepared  of  all  patients  admitted  with  a 
diagnosis  of  "viral  hepatitis"  (57  patients)  or  "jaundice"  (5 
patients).  Currently  hospitalized  patients  were  examined. 

In  addition,  the  records  of  24  of  these  62  patients  were  examined, 
and,  with  one  exception,  were  all  compatible  with  viral  hepatitis. 
The  single  exception  was  the  sole  fatality,  the  autopsy  diagnosis 
being  "acute  leukemia."  This  case  will  not  be  considered  further 
in  this  report.  Cases  of  "jaundice"  were  not  hospitalized 
routinely.  Mild  cases,  especially  in  officers,  senior  NCOs, 
and  dependents,  would  probably  not  be  hospitalized.  Outpatient 
records  were  inadequate  to  ascertain  the  number  of  cases  treated 
in  this  manner. 

Control  Selection:  From  the  inpatient  registries,  controls  were 
selected  for  each  hepatitis  patient.  The  control  was  selected 
as  the  next  patient  listed  in  the  admission  log  book  after  a 
hepatitis  patient.  Dispensary  controls  were  sought  for  dispenary 
admissions  and  hospital  controls  for  hospital  admissions.  Where 
the  nearest  admission  control  was  unavailable  (TDY,  transfer  from 
post,  etc.)  the  next  closest  admission  was  sought.  Questionnaires 
and  serum  samples  for  these  individuals  were  treated  in  the  same 
manner  as  those  of  hepatitis  cases. 

Case  and  Control  Investigations:  Each  case  and  control  located 
had  a  serum  specimen  drawn  for  serologic  studies.  In  addition, 
each  case  and  control  filled  out  a  questionnaire  (Appendix  A). 

The  questionnaire  identified  the  study  participant  as  to  military 
unit  of  assignment,  age,  and  rank.  Questions  were  also  asked 
regarding  previous  residences,  occupations,  exposure  to  hepatitis 
patients,  and  activities  which  may  have  placed  the  individual  at 
unusual  risk  of  infection  with  hepatitis  virus. 

Laboratory  Procedures:  Serum  specimens  from  cases  and  controls 
were  tested  as  follows: 

Anti-hepatitis  A  antibody:  Sera  were  screened  undiluted 
with  a  competitive  solid  phase  radioimmunoassay  (HAVAB , 

Abbott  Laboratories). 

Anti-HAV  IgM:  Sera  were  diluted  1:20  with  PBS,  absorbed 
twice  with  whole  staph  aureus  and  assayed  for  residual 
activity  in  the  HAVAB  assay. 
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Anti-HBs  antibody:  Sera  were  screened  undiluted  by  solid 
phase  radioimmunoassay  (AUSAB,  Abbott  Laboratories)  and 
undiluted  by  counterimmunoelectrophoresis  (CIE) . 

Hepatitis  B  surface  antigen:  Sera  were  tested  undiluted 
by  AUSRIA-II  (Abbott  Laboratories)  and  CIE. 

Specimens  positive  for  antigen  by  CIE  were  typed  by 
immunodiffusion  against  specific  rabbit  antisera. 

Anti -leptospirosis  antibody:  Sera  were  screened  in  an 
immune  hemolysis  test  with  12  serotypes  of  leptosprira 
(L.  bataviae,  icterohaemorrhagiae,  hebdomadis,  javanica, 
grippotyphosa,  canicola,  autumnalis,  pomona,  pyrogenes, 
australis,  hyos  and  wolssi).  Leptospirosis  serology  was 
performed  in  the  laboratory  of  Dr.  Sansiri  Sornmanee  at  the 
Faculty  of  Tropical  Medicine,  Mahidol  University. 

Review  of  referrals  for  drug  abuse:  Records  of  all  referrals  of 
active  duty  personnel  to  the  post  surgeon  for  drug  abuse  treatment 
and  counselling  during  the  preceding  year  were  reviewed,  with 
special  attention  to  the  type  of  drug  abuse  and  unit  assignment 
of  the  referred  soldiers. 

Red  Cross  Blood  Donations:  Results  of  Red  Cross  CIE  HBsAg  screen¬ 
ing  of  blood  donors,  as  recorded  on  individual  donor  cards  at  the 
Thanarat  Army  Base  during  the  preceding  year,  were  reviewed, and 
the  proportion  of  donors  positive  tabulated  for  each  company  or 
battalion  during  each  donation  period. 

Rosters  of  the  order  in  which  NCO  permanent  school  students  received 
immunizations  on  entrance  into  the  school  in  May  1978  were  obtained. 
Records  of  the  August  1978  permanent  NCO  school  blood  donations 
were  reviewed,  the  position  on  the  immunization  sequence  roster 
of  each  HBsAg  positive  donor  was  noted,  and  an  analysis  for 
"clustering"  of  cases  HBsAg  positive  donors  was  conducted. 

RESULTS:  Distribution  of  Cases  Over  Time:  Figure 73  presents  the 
hospital  (or  dispensary)  admissions  for  "viral  hepatitis"  or 
"jaundice"  between  November  1977  and  October  1978.  November  1977 
through  April  1978  showed  a  "baseline"  level  of  1-4  cases  per 
month.  May  had  a  slight  increase  in  cases,  especially  in  the 
latter  half  of  the  month,  and  July-September  1978  had  the  highest 
three  month  total  of  cases  seen  on  this  post  within  the  observa¬ 
tion  period. 

In  an  effort  to  determine  the  variance  of  this  seasonal  distribu¬ 
tion  from  normal,  the  distribution  of  cases  for  the  previous  12 
month  period  (Nov  76-Oct  77)  was  ascertained.  Records  prior  to 
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October  1976  were  unavailable  due  to  a  change  in  medical 
facilities  at  that  time. 

As  Figure  74shows,  a  similar  seasonal  distribution  was  noted  in 
76-77,  with  relatively  low  levels  during  the  cool  and  hot,  dry 
seasons  (Nov-Apr)  with  increased  cases  during  the  rainy  season 
(May-Oct)  and  a  year-high  peak  in  the  late  rainy  season.  The 

76- 77  period  did  not  have  the  magnitude  of  cases  exhibited  in 

77- 78,  but  the  seasonal  distribution  was  similar. 

Distribution  of  Cases  by  Unit:  For  the  purposes  of  this  report, 
the  post  can  be  divided  into  six  major  units.  There  were  some 
small  units  on  post,  but  the  sum  of  men  assigned  to  them  was 
less  than  100  and  they  sustained  no  hepatitis  hospitalizations, 
nor  were  controls  selected  from  them. 

During  the  course  of  the  year  November  1977-October  1978,  the 
hepatitis  attack  rates  of  five  of  the  six  units  were  approximately 
equal,  ranging  from  6.0  to  9.5  cases  per  1000  men.  The  support 
troops  for  the  Infantry  School,  however,  sustained  a  rate  of 
approximately  17  cases  per  1000  men.  The  cases  in  this  unit  were 
moderately  localized  by  the  time,  there  being  1  case  in  December 
1977,  1  in  January,  2  in  May,  1  in  June,  2  in  July,  3  in  August, 
and  1  in  September.  While  this  unit  represented  slightly  less 
than  10%  of  the  post  population,  from  December  1977  through 
January  1978,  this  unit  contributed  25%  of  hepatitis  cases  and 
between  May  and  August  1978,  33%  of  the  cases  occurring  on  post. 

Admission  for  hepatitis  by  month  for  each  major  unit  are  graphed 
in  Figure  75. 

Clinical  Description  of  cases:  Clinical  hospital  and  laboratory 
charts  of  24  patients  were  reviewed.  Although  not  detailed,  the 
charts  contained  sufficient  information  to  reconstruct  the 
following  "typical  patient." 

Symptoms:  Malaise,  nausea,  vomiting,  abdominal 

distension,  headache,  dark  urine 

Signs:  Fever,  jaundice,  hepatomegaly  and  tenderness 

of  hypochrondriac  region 

Records  of  certain  other  important  symptoms  and  signs  with 
significance  for  establishing  a  differential  diagnosis  were  sought, 
but  not  found. 
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Specifically  lacking  was  mention  of  significant  meningismus,  sore 
throat,  lymphadenopathy,  rashes  or  conjunctivitis.  Available 
liver  function  test  data  are  summarized  in  Table  109.  Of  the  24 
patients  whose  records  were  available  for  review,  the  mean  SOOT 
was  101.9  SFU  and  mean  total  bilirubin  was  6.7  mg%. 

There  were  no  deaths  among  the  62  cases  of  hepatitis.  One  case 
was  diagnosed  as  progressing  to  hepatic  pre-coma.  Although  exact 
data  is  lacking,  the  average  soldier  was  discharged  from  the 
hospital  or  clinic  within  9.5  days  after  the  onset  of  clinical 
illness. 

Serology:  Results  of  37  patients  and  36  paired  controls  are 
summarized  in  Table  110.  Hepatitis  B  surface  antigen  was  detected 
in  11%  of  patients  and  9%  of  controls;  two  patient's  and  one 
control  sera  contained  sufficient  HBsAg  for  subtyping;  all  three 
were  subtype  adr.  Anti-hepatitis  B  antibody  was  detected  in  25% 
of  patients  and  42%  of  controls.  Anti-leptospirosis  antibody  was 
not  detected  in  any  member  of  either  the  patient  or  the  control 
populations.  Anti-hepatitis  A  virus  antibody  (anti-HAV)  was 
detected  in  100%  of  patients  and  42%  of  controls.  Of  34  case 
control  pairs  in  which  sufficient  serum  was  available  to  test 
for  anti-HAV  IgM  by  the  staph  absorption  modification  of  the 
HAVAB  (R) ,  anti-HAV  IgM  was  found  in  serum  from  10  cases  but  only 
1  control  (X2  =  8.78,  p  =  .003).  Of  17  case  sera  from  patients 
who  had  been  ill  during  the  period  July  through  September  1978, 

7  were  positive  for  anti-HAV  IgM,  while  only  3  of  19  drawn  from 
patients  who  had  been  ill  before  July  were  positive. 

Paired  blood  specimens  were  available  from  three  hepatitis  patients. 
One  (pt #39)  contained  HBsAg  in  both  acute  and  convalescent  sera 
with  no  anti-HAV  titer  rise,  while  two  patients  (#56  and  #76)  were 
negative  for  HBsAg  and  anti-HBs,  and  showed  non-diagnostic  (0.5 
log)  rises  between  acute  and  convalescent  anti-Hav  titers. 

Red  Cross  HBsAg  screening  of  blood  donors:  Results  of  Red  Cross 
HBsAg  screening  of  active  duty  blood  donors  at  the  Thanarat  Army 
Base  during  the  preceding  year  are  summarized  in  Table  111.  Unit 
prevalence  ranged  from  0.029  to  0.121.  Prevalence  among  the 
permanent  NCO  school  students  varied  considerably  through  the  year; 
rates  in  October  1977  and  August  1978  (0.087  and  0.089)  were 
significantly  higher  than  in  December  1977  (0.029),  p  <0.05  by 
chi-square  test  with  Yates  correction. 


Of  the  91  HBsAg  positive  permanent  NCO  school  donors  in  August 
1978,  79  were  located  on  the  May  1978  immunization  sequence  rosters. 
On  the  assumption  that  the  79  HBsAg-positive  blood  donors  were 
randomly  distributed  among  the  total  of  1714  personnel,  a  normal 
distribution  of  the  "distance"*  between  individuals  was  set  up 
with  X  =  21.4  and  u  =  18.24.  Table  112 presents  the  expected  and 
observed  frequency  of  the  various"distances ."  The  distribution 
of  observed  frequencies  does  not  fit  a  normal  distribution 
(Goodness  of  fit  X2  =  11.03,df  =  l,p  <0.005)  because  of  the  excess 
cases  in  the  5-7  person  class.  As  inrnuni zation  practices  usually 
involve  10  persons/needle  change,  the  above  excess  is  compatible 
with  (but  not  necessarily  demonstrative  of)  person-to-person 
spread  of  HBsAg  positive  blood  through  contaminated  needles. 

Drug  Abuse  Referrals:  Eighteen  active  duty  troops  were  referred 
to  the  Post  Surgeon  during  the  preceding  year  for  treatment  and 
counseling  of  drug  abuse.  All  cases  involved  illicit  intravenous 
iniection  of  heroin.  Table  113  summarizes  the  rate  of  referrals 
from  each  of  the  six  main  units  on  post.  Rates  ranged  from 
referrals  among  the  permanent  NCO  school  students  to  11  referrals 
per  1000  men  per  year  among  the  personnel  of  the  support  company 
of  the  Infantry  School. 

Questionnaire  Results:  A  total  of  37  hepatitis  patients  were 
found  and  32  matched  case  control  pairs  were  identified. 

Of  the  32  pairs,  the  controls  were  slightly  older  (avg.  24.4  years 
vs  22.3  years)  and  had  been  stationed  at  Pranburi  for  slightly 
longer  (avg.  2.94  years  vs  2.02  years).  The  controls  had  been  in 
the  Army  significantly  longer  than  the  hepatitis  cases  (avg. 

4.75  years  vs  2.02  years).  Only  two  of  the  cases  had  been  on  active 
duty  for  more  than  two  years  compared  to  seven  of  the  identified 
controls.  In  all  cases,  the  hepatitis  patients  had  spent  their 
total  time  in  service  at  this  one  post.  The  distribution  of  home 
provinces  between  the  two  groups  was  similar. 

Between  cases  and  controls  no  differences  were  found  in  total 
hospitalizations,  medications  taken,  incidence  of  blood  transfu¬ 
sion,  medical  injections,  dental  work,  tattooing  or  promiscuous  razor 
use.  No  statistical  difference  was  noted  in  the  frequency  with 
which  cases  and  controls  had  contact  with  another  person  with 


♦Distance,  for  the  purposes  of  this  investigation,  is  defined 
as  the  number  of  personnel  between  two  HBsAg-positive  individuals. 
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jaundice,  but  cases  consistently  had  slightly  higher  rates  of  unit 
barracks  and  family  contacts  with  other  jaundiced  individuals. 

In  two  areas  a  difference  between  cases  and  controls  was  evident. 
Over  50%  (17/32)  of  patients  admitted  extramarital  sexual  relation¬ 
ships.  This  was  more  than  twice  the  rate  of  the  control  group 
(8/32).  Controls  donated  blood  more  frequently  (13/32)  than  cases 
(7/32)  . 

Interviews  and  Observations:  Interview  with  Chief  Facilities 
Engineer:  The  Pranburi  installation  was  designed  and  built 
approximately  20  years  ago.  Since  then  the  post  population  has 
increase  three-fold  without  a  change  in  either  the  water  supply  or 
sewage  treatment  facilities  except  as  noted  below. 

Water  for  all  uses  is  derived  from  the  Pranburi  River  which  abutts 
the  post  to  the  south.  The  water  treatment  systems  was  designed 
for  immediate  chlorination  and  subsequent  holding  in  a  settling 
tank  for  at  least  48  hours.  Current  demand  is  such  that  the 
water  tank  is  bypassed  and  water  flows  directly  from  the  treatment 
plant  into  the  water  mains.  Chlorine  is  added  based  on  the 
estimated  flow,  which  is  intermittent;  derived  as  it  is,  from 
irregular  user  demand.  Examinations  of  the  water  either  for 
chlorine  residual  or  BOD  level  are  not  performed. 

A  sewage  treatment  plant  was  built  when  the  camp  was  originated, 
but  due  to  local  civilian  demand,  a  trickling  sand  filter  method 
was  adopted  soon  after  the  camp  opened.  The  single  acre  of  land  set 
aside  for  the  filter  is  both  inadequate  to  safely  decontaminate 
the  sewage  from  the  post  population  and  too  close  to  the  river 
which  provides  water  for  much  of  the  local  civilian  community. 

The  camp  does  draw  its  water  upstream  from  the  slow  filter; 
however,  the  degree  of  tidal  mixing  is  unknown. 

Since  the  camp  has  opened,  much  of  the  unused  land  upstream 
from  the  camp  has  been  planted  in  pineapple  and  sugar  cane,  and 
residences  have  been  established  directly  upstream  from  the  camp. 

Interview  with  immunization  clinic  personnel:  Immunizations  are 
administered  at  the  infantry  school  dispensary  according  to  the 
following  schedule: 
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Cholera 

Tetanus 

Smallpox  Bloodtyping 

reporting  to  base 

X 

X 

X  X 

30  days 

X 

60  days 

180  days 

365 

X 

X 

X 

In  May  and  November  of  each  year,  the  soldiers  are  immunized  by 
company,  usually  500-750  men  per  day  for  two  or  three  days. 

Usual  practices  for  each  injection  follow: 

Tetanus:  The  vaccine  is  drawn  up  in  a  20  ml  syringe.  After  the 
needle  punctures  the  skin  of  first  vaccinees ,  the  syringe  barrel 
pulled  back,  and  the  syringe  contents  examined  for  blood  reflux. 

Two  ml  of  vaccine  are  injected.  If  no  blood  was  seen  to  reflux 
into  the  syringe,  the  needle  is  changed,  and  the  procedure  repeated 
for  the  next  man  until  ten  men  have  been  vaccinated  per  syringe. 

If  at  anytime  blood  is  seen  to  reflux  into  the  syringe,  the  re¬ 
maining  vaccine  is  discarded  and  the  syringe  resterilized. 
(Disposable  syringes  are  not  available).  Cholera:  The  procedures 
used  are  identical  to  those  used  for  tetanus.  Smallpox:  The 
vaccine  is  administered  with  several  scratches  of  a  small  scarifi¬ 
cation  knife.  Between  vaccinations  the  blade  is  wiped  clean  with 
alcohol,  and  then  the  procedure  is  repeated.  A  blade  is  used 
until  it  becomes  dull,  usually  after  five  to  ten  men.  Bloodtyping: 
A  lancet  is  used  to  puncture  the  finger  of  each  soldier.  Usually 
there  are  enough  lancets  for  each  soldier;  on  some  occasions,  when 
lancets  are  in  short  supply,  they  are  cleaned  with  alcohol  swabs 
and  reused.  The  usual  stock  of  needles  is  three  to  four  dozen. 
Standard  procedure  on  immunization  days  is  to  collect  needles 
as  soon  as  they  have  bee\  used  for  one  man  and  boil  them  for  10- 
15  minutes. 

At  the  permanent  NCO  school  dispensary,  only  cholera  vaccination 
and  blood  typing  are  performed,  and  the  clinic  is  active  only  in 
May  (as  a  result  of  the  annual  rotation  of  personnel).  Procedures 
used  are  virtually  identical  to  those  described  above. 

CONCLUSIONS: 

1.  At  the  Thanarat  Army  Base  incidence  of  hospitalizations 
for  a  diagnosis  of  acute  hepatitis  probably  peaks  each  year  during 
the  months  of  August  through  October. 
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2.  A  peak  incidence  of  cases  of  16  during  the  month  of 
September  1978,  was  sufficiently  above  the  baseline  rate  to  be 
recognized. 

3.  Although  excess  cases  were  not  confined  to  one  battalion 
or  company,  the  attack  rate  was  highest  among  the  support  troops 
of  the  Infantry  School. 

4.  The  excess  of  cases  during  the  1978  rainy  season  was 
probably  caused  in  large  part  by  the  hepatitis  A  virus.  Some 
smaller  proportion  of  cases  was  probably  caused  by  the  hepatitis 

B  virus.  Leptospirosis  can  be  excluded  with  reasonable  certainty. 

5.  The  high  (  >_  10%)  carrier  rates  for  hepatitis  B  surface 
antigen  observed  in  some  units  during  blood  donations  cannot  be 
clearly  related  to  the  excess  of  hepatitis  cases  as  most  patients 
did  not  show  evidence  of  previous  hepatitis  B  infection. 

6.  At  present  several  mechanisms  known  to  be  associated 
with  the  spread  of  viral  hepatitis  exist  at  the  Thanarat  Army 
Base,  including  an  outdated  water  supply  system,  illicit  drug 
abuse,  sub-optimal  immunization  practices,  and  transfusion  of 
blood  without  screening  for  hepatitis  B  virus  surface  antigen. 

7.  There  is  a  statistical  clustering  of  hepatitis  B  surface 
antigen  positive  blood  donors  according  to  the  sequence  in  which 
soldiers  were  immunized.  This  suggests  but  does  not  prove  a 
casual  relationship  immunization  practices  and  infection  with  HBV. 

8.  Actions  which  are  likely  to  decrease  the  incidence  of 
acute  hepatitis  and  decrease  infections  with  the  hepatitis  viruses 
in  order  of  priority,  are  as  follows: 

A.  Purchase  extra  syringes  and  needles  so  that  mass 
immunizations  can  be  carried  out  with  meticulously  sterilized 
equipment. 

B.  Complete  scheduled  replacement  of  water  supply  system. 

C.  Conduct  an  education  campaign  of  medical  personnel 
on  the  potential  hazards  associated  with  immunizations, 

l).  Monitor  and  carefully  maintain  sterilization  equipment 
to  insure  that  boiling  temperatures  are  achieved  and  maintained. 

E.  Establish  a  program  for  screening  all  units  of  blood 
to  be  transfused  for  the  presence  of  hepatitis  B  virus. 
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Table  108  Medical  care  facilities  and  personnel  at  the  Thanarat 
Army  Base 
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*  Physicians  assigned  to  main  hospital  provide  health  care  at 
these  dispensaries  on  a  rotating  basis. 
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Table  HO  Results  of  serology  tests  for  hepatitis  A  and  hepatitis  B 


Pranburi 
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Table  111  Summaiy  of  Red  Cross  HBsAg  Screening  of  Donor  Blood  of  Thanarat  Army  Base  During 
the  past  Year  (Oct  77  to  Present)  Numbers  in  the  Table  Represent  the  Proportion 
of  Donors  Positive;  Numbers  in  Parentheses  Give  Actual  Data  (#Positive/#Tested) . 
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Used  exclusively  as  donors  to  hospital  blood  bank;  blood  not  tested  for  HBsAg. 


Table  112  Frequency  Distribution  of  80  "Distances"  Between 
HBsAg  Positive  Individuals.  Pranburi  Thailand, 
August  1978. 


Class  Limits 

Observed 

Theoretical 

(persons) 

Frequency 

Frequency 

44 

12 

14.7 

5-7 

7 

2.5 

8-9 

6 

2.6 

>10 

55 

60.2 
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Table  113  Drug  Abuse  Referrals 


Unit  Designation 


Rate 

(referrals/man/year) 


NCO  Permanent  School 

.0000 

NCO  Permanent  School  Support 

.0014 

Company 

Infantry  School 

.0033 

Infantry  School  Support  Company 

.0108 

Infantry  Center  Support  Battalion 

.0030 

Infantry  Combat  Battalion 

.  0031 
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Health  care  provided  by  Infantry  Health  care  provided  by 

Center  Medical  Facilities  Permanent  NCO  school 

(COL  Wittoon  Charoprakorn)  Medical  Facilities 

(LTC  Ittipol  Senasen) 


Rotation  of  Personnel  at  the  Thanarat  Army  Base 
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NOV  DEC  JAN  FEB  MAR  APR  MAY  '  JUN  JUL  AUG  SEPT  OCT 
1977  1978 

.TOTAL  ADMISSIONS  FOR  HEPATITIS  BY  HALF-MONTH,  PRANBURI  THAILAND. 

Figure  73 


>»  1977 

TOTAL  ADMISSIONS  FOR  HEPATITIS  BY  MONTH,  PRAN8URI  THAILAND. 
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Appendix  A. 


STUDY  NO . 

Name . . . 

Military  Unit:  Company . Battalion . Division . 

Home  Province . Age. . .  .Rank . Sex . Race . 

Occupation:  Before  coining  into  the  Army . In  the  army. . 

How  long  have  you  been  in  the  Army? . How  long  have  you  been  stationed 


Pranburi? . Where  were  you  before  (Changwat)? . 

(1)  How  many  times  have  been  admitted  to  the  Hospital  at  Pranburi  in  the  last  year?.. 

For  what  reasons: . Date . 

. Date . 

. Date . 


(2)  Have  been  admitted  to  any  other  hospital  in  the  last  year?. . If  so, 

Where? . 

(3)  Do  you  take  any  medicine  regularly  (including  anti-raalarials)? . If  so, 


What? . 

(4)  Have  you  ever  had  a  blood  transfusion?.... . If  so,  when? 

(5)  Have  you  ever  had  hepatitis? . If  so,  when? 


(6)  Have  you  had  medical  injections  in  the  previous  12  mo? . If  so,  how  many  times. 

(7)  Have  you  had  dental  work  in  the  previous  12  mo?.... If  so,  how  many  times . 

(8)  Have  had  a  tattoo  in  the  previous  12  mo? . 

(9)  Non-wife . (10)  Razor  use . 

(11)  Have  you  donated  blood  in  the  previous  12  mo? . If  so,  how  many  times . 


(12)  Has  anyone  in  your  barracks  had  Jaundice  in  the  previous  12  mo?.... If  so,  how 

many . 

(13)  Has  anyone  in  your  Squad  had  Jaundice  in  the  previous  12  mo? . If  so,  how 

many . 

(14)  Has  anyone  in  your  Platoon  had  Jaundice  in  the  previous  12  mo? . If  so,  how 

many . 
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Appendix  A  -  coat 


(15)  Has  anyone  in  your  family  had  Jaundice  in  the  previous  12. mo? . If  so, 

how  man^ . 
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F.  Continue  to  maintain  a  tight  control  on  drug  abuse. 

The  highest  hepatitis  attack  rates  were  in  the  unit  with  the 
highest  drug  abuse  referral  rate. 

43.  Studies  on  the  Etiology  of  Acute  Encephalitis  in 
Patients  at  Bangkok  Children's  Hospital 

OBJECTIVE :  To  determine  the  causative  agent  of  encephalitis  in 
patients  admitted  to  Children's  Hospital. 

BACKGROUND :  Encephalitis  remains  a  major  cause  of  morbidity  and 
mortality  among  children  in  Thailand;  the  major  known  causes  of 
the  disease  in  this  country  include  enteroviruses  and  Japanese 
Encephalitis  Virus  (JEV) .  Dengue  viruses  are  generally  thought 
to  lack  encephalitogenic  potential  in  man;  however,  in  mice  and 
in  monkeys  certain  strains  of  dengue  can  clearly  grow  well  in 
brain  tissue  in  vivo.  This  observation,  coupled  with  scattered 
case  reports  from  other  countries  of  acute  encephalitis  in  man 
due  to  dengue  viruses,  leave  open  the  possibility  that  dengue 
viruses  may  under  certain  poorly  understood  circumstances  be 
encephalitogenic  in  man. 

Over  the  past  several  years  cases  of  encephalitis  have  occurred 
frequently  in  children  from  within  the  greater  metropolitan 
Bangkok  area;  in  some  of  these  cases  a  rise  in  anti-f lavivirus 
HAI  antibodies  can  be  found.  As  dengue  viruses  are  known  to  be 
endemic  in  greater  metropolitan  Bangkok  and  JEV  is  not,  we  inves¬ 
tigated  the  possibility  that  occasional  cases  of  encephalitis 
in  metropolitan  Bangkok  were  caused  by  dengue  viruses. 

METHODS ;  Beginning  1  May  1979  a  detailed  clinical  history  was 
recorded  on  patients  with  acute  encephalitis  admitted  to  Children's 
Hospital.  Acute  phase  blood  plasma  and  leukocytes,  cerebro- spinal 
fluid,  and  autopsy  materials  (especially  brain)  were  tested  for 
isolation  of  arboviruses  by  standard  tissue  culture  techniques  in 
LLC-Mk2  cells. 

Serological  diagnosis  of  arboviruses  infection  acute  and  con¬ 
valescent  phase  sera  was  performed  by  hemagglutination  inhibition 
test  using  the  standard  micro-method. 

RESULTS:  Results  of  the  first  four  months  of  the  study  are 
summarized  in  Tables  114-115.  Sucrose  density  gradient  fractiona¬ 
tion  is  being  done  to  clarify  the  diagnosis  falling  into  the 


) 
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Table  114  Serologic  Diagnoses  of  Acute  Encephalitis  Cases 


Diagnosis 


#  of  patients 

with  diagnosis  Case  # 


Definite  JEV 

3 

E-002, 003, 004 

Probable  JEV 

3 

E-006, 009, 010 

Unspecified  Flavivirus 

3 

E-005, 008, 001 

Other  diagnosis  (postmumps) 

1 

E-012 

Unknown 

2 

E- 007, 011 

Total 

12 
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Table  115  HAI  Titers  of  Acute  Encephalitis  Patients  Against 
Dengue  and  JEV  Antigens. 


Study 

No. 

Age 

Sex 

Home 

Day  of 
Disease 

HAI  vs 

D1 

D2 

D3 

D4 

JE 

E001 

11 

F 

12 

1280 

640 

1280 

1280 

2560 

Ayuthaya 

14 

640 

1280 

1280 

1280 

28 

1280 

2560 

2560 

5120 

E002* 

S 

M 

4 

10 

10 

10 

10 

Supanburi 

6 

10 

10 

10 

10 

20 

7 

10 

10 

10 

10 

E003 

4 

M 

6 

10 

10 

10 

10 

10 

Chachengsao 

22 

10 

10 

10 

20 

40 

E004* 

3 

F 

4 

10 

10 

10 

10 

20 

Chachengsao 

6 

10 

10 

10 

10 

160 

6 

10 

10 

10 

10 

10 

E005 

8 

F 

8 

640 

1280 

1280 

5120 

10240 

Ayuthaya 

E006* 

9 

M 

15 

80 

80 

160 

160 

160 

Bangkok 

E007 

2 

M 

4 

10 

10 

20 

80 

Srauthsakorn 

19 

10 

10 

20 

80 

m 

E008 

9 

F 

8 

160 

640 

640 

320 

Smuthprakarn 

25 

1280 

32 

1280 

1280 

1280 
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Table  115  Continued 


Study  Sex  Day  of 


NO. 

Age 

Home 

Disease 

D1 

D2 

D3 

D4 

JE 

E009 

4 

M 

6 

10 

10 

20 

40 

Smuthsakorn 

23 

10 

10 

20 

40 

H 

E01C 

12 

F 

6 

10 

10 

10 

10 

20 

Petchaboon 

E011* 

3 

F 

60(HB1) 

20 

10 

40 

20 

10 

Chaiyapoom 

(CSF) 

10 

10 

10 

10 

10 

E012 

4 

M 

2 

10 

10 

10 

10 

10 

(post- 

Bangkok 

10 

10 

10 

10 

10 

mumps) 


Fatal  case 


1371 


"Probable  JEV"  and  "Unspecified  Flavivirus"  diagnostic  categories. 
One  definite  virus  isolate  has  been  made,  a  JEV  isolate  from  post¬ 
mortem  brain  tissue  from  case  E-002. 

This  study  will  continue  for  a  one  year  period. 

44 .  Detection  of  Viruses  in  the  Stools  of  Thai  Children 
with  Gastroenteritis  by  Electron  Microscopy 

OBJECTIVES : 

1.  To  evaluate  the  frequency  with  which  viruses  can  be 
visualized  in  stools  of  children  with  gastroenteritis  in  Bangkok. 

2.  To  obtain  serum  and  stool  specimens  from  children  with 
gastroenteritis  to  be  used  in  the  development  and  evaluation  of 
assays  for  the  diagnosis  of  viral  gastroenteritis. 

BACKGROUND :  With  the  past  5  years  a  variety  of  viruses  (rota¬ 
viruses,  parvo-like  viruses,  non-cult ivatable  adenoviruses)  have 
been  implicated  as  pathogens  in  acute  non-bacterial  gastroenteritis 
of  humans  (180).  Evidence  for  infection  with  rotaviruses  has 
been  reported,  in  several  large  series,  in  over  40%  to  almost  90% 
of  children  with  gastroenteritis  (181-183).  Although  the  overall 
role  of  viruses  in  gastroenteritis  in  adults  is  less  well  defined, 
both  rotaviruses  and  parvo-like  viruses  appear  to  be  well 
established  as  causes  of  acute  outbreaks  (184-187). 

In  1976,  workers  at  the  IVR  in  Bangkok  in  collaboration  with 
investigators  from  Ramathibodi  Hospital  detected  rotaviruses  in 
39  of  100  stool  specimens  from  small  children  by  electron-micro¬ 
scopy  (188) .  The  results  of  this  study  were  not  published  and  no 
attempt  was  made  to  isolate  and  characterize  the  observed 
particles. 

On  the  basis  of  preliminary  cross-neutralizing  antibody  tests  of 
rotavirus  strains  grown  in  LI.C-Mk2  tissue  cultures  and  detected  by 
the  fluorescent-focus  method,  Flewett  et  al  (189)  reported  at 
least  two  and  probably  four  serotypes  of  rotaviruses.  Given  the 
existence  of  multiple  serotypes  and  the  observation  that  pre¬ 
existing  group- specific  serum  antibody  is  not  protective,  the 
level  of  immunity  to  rotaviruses  in  a  community  must  be  verified 
by  neutralization  of  the  locally  prevalent  serotypes.  To  do  this, 
local  strains  of  rotavirus  must  first  be  identified  and  collected. 
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Table  116  Virus-like  Particles  Visualized  in  Stool  Specimens 
from  Bangkok  Children  with  Gastroenteritis. 


( 


\ 


Age  (months) 

0-S 

6-11 

12-17  18-24+ 

Total 

Rotavirus 

4 

3 

1 

1 

9 

Adenovirus 

1 

0 

0 

1 

2 

?  Enterovirus 

0 

1 

0 

0 

1 

Adenovirus  + 

?  Parvovirus 

i 

0 

0 

0 

1 

No  particles  seen 

14 

9 

3 

5 

31 

20 

13 

4 

7 

44 

( 
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METHODS :  Patients:  Children  less  than  two  years  old  presenting 
to  the  Pramongkutklao  Hospital  or  Children's  Hospital  clinics 
between  1  December  1978  and  1  April  1979  were  candidates  for  study 
if  they  had  gastroenteritis  (nausea,  vomitting,  diarrhea)  as  judged 
by  the  hospital  physician.  No  other  restrictions  were  placed  on 
entry  into  the  study.  Specifically,  severity  of  disease  was  not 
a  criterion. 

Clinical  specimens  collected:  The  following  were  obtained  from 
each  patient:  an  acute  blood  specimen,  an  acute  stool  or  diaper 
scraping,  a  10-14  day  convalescent  blood,  and  a  simple  questionnaire. 

Laboratory  studies  (Acute  stool) : 

1.  Routine  culture  for  easily  identified  bacterial  enteric 
pathogens  (Salmonella  and  Shigella). 

2.  Electron  Microscopy:  The  method  of  Zissis  et  al  (190) 
was  followed.  Briefly,  stool  specimens  were  suspended  about  30% 

(V/v)  in  PBS  and  centrifuged  at  10,000  rev /minute  for  30  minutes 
at  4°C  in  conical  centrifuged  tubes.  The  supernatants  were  again 
centrifuged  at  10,000  rev /min  for  30  minutes  at  4°C.  Five  ml  of 
the  clarified  supernatant  were  centrifuged  at  250,000  g  for  one 
hour  in  a  Beckman  centrifuge  (SW  50/rotor),  and  the  pellet  re¬ 
suspended  in  5  drops  of  distilled  water.  Electron-microscope 
grids,  covered  by  a  formular  menbrane,  were  placed  on  a  drop  of 
the  suspension  for  15  minutes,  and  the  virus  allowed  to  absorbed 
to  the  membrane.  After  the  membranes  were  dried,  they  were  rinsed 
four  times  in  a  drop  of  saline,  blotted  dry  after  each  dip,  then 
negatively  stained  with  2%  (v/v)  uranyl  acetate  or  sodium  phos- 
photungntate.  After  drying,  the  grids  were  examined  with  the 
Hitachi  (H-11C)  electron-microscope  at  the  IVR. 

RESULTS  Virus  particles  were  detected  in  13  of  the  44  specimens 
examined  by  electron-microscopy.  Table  116  summarizes  the  number 
of  different  morphologic  types  seen. 

Of  twelve  specimens  collected  at  the  RTAH,  none  were  positive  for 
rotaviruses,  one  was  positive  for  enterovirus- like  particles,  and 
one  was  positive  for  adenovirus.  Of  the  32  specimens  collected 
at  Children's  Hospital,  nine  (28%)  were  positive  for  rotaviruses, 
one  for  adenovirus,  and  one  for  mixed  adenovirus  and  parvovirus¬ 
like  particles.  The  number  of  rotavirus  particles  visualized 
varied  from  <  to  more  than  100  per  grid  square. 
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Table  US  Summary  of  Prevalence  of  Antibody  to  HAV,  HBs, 
Alphavirus,  Flaviviruses,  and  Polioviruses  in 
Department  of  Virology  Personnel. 


Nationality 

HAV 

HBs 

Any 

Alphavirus 

Any 

Flavivirus 

All  3  polio 
Types 

U.S. 

1/3 

0/3 

0/3 

1/3 

3/3 

Thai 

19/20 

12/20 

16/19 

18/19 

17/19 

Total 

20/23 

12/23 

16/22 

19/22 

20/22 
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45.  Antibody  Titers  of  Department  of  Virology  Personnel 
to  Selected  Viruses 


OBJECTIVE :  To  test  serum  specimens  drawn  from  Department  of 
Virology  personnel  for  evidence  of  antibodies  directed  against 
pathogenic  viruses  currently  used  in  the  Department. 

BACKGROUND :  For  years,  research  work  in  the  Department  of 
Virology  has  focused  on  flaviviruses  and  hepatitis  B  virus, 
with  occasional  work  on  other  viruses  including  alphaviruses, 
specifically  chikungunya,and  polioviruses.  Recently,  work 
has  begun  on  hepatitis  A  virus.  As  part  of  an  overall  effort 
to  promote  laboratory  safety,  serum  specimens  from  department  of 
personnel  were  tested  for  antibody  against  these  viruses. 

METHODS :  A  blood  serum  specimens  was  obtained  from  all  department 
employees  in  January  1979.  The  following  tests  were  performed: 


Activity  measured 

Anti-hepatitis  A  virus 

Hep  BsAg 

Anti-HBs 

Anti-alpha  virus 
Anti-flavivirus 

Anti-poliovirus 


Criteria  for  positive 
Test  used  assay _ 


HAVAB(R) (SPRIA) 
CIEOP 

AUSAB(R) (SPRIA) 
Chikungunya  HAI 
Dengue-1,2,3,4 
and  JEV,  HAI 
Microneut  on  Hela 
cells;  metabolic 
inhibition  end¬ 
point 


<9784  C?M 

(+)  precipitation  line 
>300  CPM 
HAI  titer  >^1/10 
HAI  titer  >1/10 


Microneut 

>1/5 


titer 


All 


RESULTS :  Results  are  summarized  in  Table  117  and  Table  118. 

Thai  employees  except  one  had  evidence  of  previous  infections 
with  both  HAV  and  flaviviruses;  this  employee  had  spent  her 
childhood  in  western  Europe  and  the  United  States,  and  lacked 
serologic  evidence  of  infection  with  either  HAV  or  flavivirus. 

One  person,  a  known  chronic  carrier,  was  found  to  be  positive 
for  HBsAg  (not  shown  in  tables). 

46.  Investigation  of  the  Epidemiology  and  Microbiology 

of  Wounds  and  Wound  Infections  in  the  Royal  Thai  Army  (RTA) 
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OBJECTIVES : 


1.  To  describe  the  extent  and  distribution  (by  agent  and 
anatomical  site)  of  wqunds,. incurred  as  a  result  of  combat, 
appearing  at  1°  and  2°  surgical  centers. 

2.  To  establish  the  types  and  quantities  of  microbial  flora 
coexisting  with  these  injuries. 

3.  To  relate  microbial  occurrence  to  risk  of  overt  infection, 
severity  and  type  in  injury,  subsequent  treatment  and  residual 
morbidity. 

4.  To  ascertain  the  value  of  the  injury /microbiology/ infec¬ 
tion  approach  for  use  in  predicting  infection  potential  in  combat 
injuries. 

BACKGROUND :  The  pilot  study  and  training  period  described 
previously  demonstrated  the  feasibility  of  the  establishment  of 
a  program  to  monitor  care  of  an  injured  soldier  through  the  chain 
of  evacuation  of  the  RTA. 

Problems  encountered  in  the  establishment  cf  this  project, 
excepting  those  of  study  design  and  logistics,  were  mainly 
concerned  with  the  gaining  and  holding  of  the  interest  of  key 
personnel  within  the  government  and  within  the  medical  care  system. 
For  the  practicing  physicians,  a  continuations  program  of  service 
was  incorporated  into  the  study  design.  For  the  government  official, 
the  potential  long-term  benefits  in  increased  accuracy  of 
prognosis  and  the  eventual  establishment  of  a  hospital  supported 
infection  surveillance  program  were  stressed. 

METHODS :  Study  Sites:  At  the  initiation  of  this  study,  the 
military  hospital  and  the  provincial  hospital  at  Phitsanuloke  were 
the  focus  of  the  chain  of  evacuation  of  patients  injured  neai  the 
Laotian  border  in  Northeast  Thailand.  This  changed  during  the 
period  of  study  and  therefore  reduced  the  number  of  casualties,  but 
did  not  change  the  distribution  pattern  of  the  injuries. 

Pr amongkutk lao  Hospital,  Bangkok,  was  used  as  followup  for  patients 
enrolled  at  Phitsanuloke,  and  as  a  referral  center  for  other 
hospitals  in  Thailand. 

Microbiological  Samples  Collection:  Both  aerobic  and  anaerobic 
specimens  were  routinely  collected  from  the  wound  site  and  a  blood 
culture  was  taken  concurrently.  Wound  specimens  consisted  of  tissue, 
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fluid  exudate  or  swab  of  infection  surface,  and  were  collected 
on  admission,  at  surgery,  and  when  clinically  indicated.  Wound 
edge  and  deep  swabs  were  taken  for  comparison  when  a  penetrating 
wound  was  evident.  Cultures  were  inoculated  into  transport  media 
and  a  blood  culture  bottle.  Wound  cultures  were  reported  only  when 
flora  speciation  and  antibiotic  sensitivity  data  was  available. 

Blood  specimens  for  culture  were  taken  for  culture  on  three 
successive  days  following  any  clinical  indication  of  septicemia, 
following  surgery,  and  following  any  positive  culture  report, 
and  also  taken  if  no  specimen  has  been  otherwise  required  for  3 
days.  Blood  cultures  were  incubated  for  a  minimum  of  72  hrs, , 
read  at  24,  48,  and  72  hrs.,  and  then  submitted  to  the  main 
laboratory  for  further  study.  Any  positive  bottle  culture  was 
gram  stained  and  examined  microscopically  prior  to  subculture. 

Epidemiologic  Data  Collection:  Each  combat  injured  soldier 
was  interviewed  by  a  nurse  as  soon  after  admission  as  feasible. 

The  interview  concerned  demographic  data  on  the  patient,  type  of 
injuring  agent,  if  known  (booby  trap,  mine,  shoulder  weapon,  hand 
weapon,  etc.),  geographic  location  of  the  area  in  which  the  injury 
was  sustained  and  activities  at  the  time  of  injury.  The  nurse 
made  an  objective  assessment  of  injury  severity  using  a  standard 
scale.  From  the  patient's  chart,  a  clinical  description  of  all 
injuries  and  concurrent  medical  problems  (diabetes,  helminthiasis, 
etc.),  therapy  prior  to  admission,  initial  laboratory  findings, 
and  place  and  length  of  prior  hospitalizations  with  this  injury 
were  abstracted. 

RESULTS  :Tables  119  -  120  present  the  demographic  pattern  of  patients 
incurring  combat  injuries  and  subsequently  requiring  treatment  at 
Pramongkutklao  Hospital.  The  incidence  of  injury  was  heaviest  on 
the  lower  ranking  enlisted  personnel  in  the  20-24  year  old  age 
group.  The  agent  of  injury,Table  121,  was  closely  related  to  the 
anatomical  location  of  the  injury (Table  122).  Thf  extensive  use 
of  the  land  mine  as  an  anti-personnel  weapon  by  insurgent  forces 
in  Thailand  has  resulted  in  the  high  percentage  of  lower  extremity 
injuries  incurred. 

Because  extremity  injuries  predominated  this  series,  further 
analysis  will  be  specific  for  those  type  injuries.  Similar- 
analyses  can  and  have  been  performed  for  other  types  of  injuries. 

Tables  123  and  124  present  the  bacterial  isolates  derived  from  ex¬ 
tremity  wounds.  While  enteric  organisms,  normally  i'hdi'gdhcms  td 
man,  were  the  predominating  group,  Pseudomonas  species  were 
isolated  more  often  than  any  other  single  organism.  Table  123 
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presents  the  length  of  hospitalization  in  lower  extremity 
injuries  in  relation  to  the  results  of  bacterial  cultures  taken 
at  admission.  Evidence  of  the  presence  of  bacteria  regardless  of 
type,  appeared  to  add  approximately  one  month  to  the  overall 
hospitalization  in  patients  whose  sole  or  primary  injury  was  to 
the  lower  extremities.  Antibiotic  usage  in  these  patients 
usually  involved  multiple  drug  therapy  with  combinations  that 
included  Ampicillin,  Kanamycin  and/or  Penicillin  G,  Table  126.  The 
antibiotic  usage  in  patients  from  whom  Pseudomonas  sp.  was 
isolated  varied  from  that  presented  in  Table  126  only  in  that  there 
were  fewer  patients  in  which  a  great  number  of  different  anti¬ 
biotics  (over  five)  were  used. 

Of  the  275  patients  admitted  to  Pramongkutklao  during  the  course 
of  this  study,  125  cases  of  lower  extremity  fracture  and  43  upper 
extremity  fractures  were  encountered.  Often  there  were  fractures 
of  more  than  one  extremity  in  an  individual.  Of  the  125  lower 
extremity  fractures  (to  include  phalanges  through  femur),  92 
(73.6%)  eventually  required  some  degree  of  amputation  (Table  127). 
Eight  upper  extremity  fractures  (18.1%  of  the  total)  required 
ablative  surgery.  The  majority  of  primary  lower  extremity 
amputations  were  tramatic.  The  extensive  use  of  the  land  mine 
as  an  anti-personnel  device  is  reflected  here  again.  In  spite  of 
nearly  universal  evidence  of  infection  on  admission,  non-amputated 
fractures  arriving  at  Pramongkutklao  sustained  a  less  than  25% 
amputation  rate  in  the  lower  extremity  and  an  under  5%  rate  in 
the  upper  extremity. 

The  78  patients  identified  at  and  followed  from  Phitsanuloke  pre¬ 
sented  a  chance  to  compare  primary  and  secondary  health  care 
facilities.  Because  over  half  of  the  combat  casualties  at 
Phitsanuloke  were  civilian,  the  age  range  was  much  broader  (8-50) 
and  activities  interupted  by  combat  were  much  less  military  in  nature 
(farming,  highway  construction  and  hunting).  Rifle  bullets  were  the 
agents  of  injury  in  a  higher  percentage  of  cases  in  the  primary 
center  than  the  secondary,  but  injuries  from  land  mines  continued 
to  predominate.  There  was  a  slightly  less  skewed  array  of  injuries 
encountered  at  Phitsanuloke  than  at  the  secondary  center  in 
Bangkok,  but  lower  extremity  injuries  were  still  over  twice  as 
common  as  any  other  anatomical  location.  Mean  length  of 
hospitalization  was  also  considerable  shorter  in  che  outlying 
hospitals  as  compared  to  Pramongkutklao,  38  days  vs  90+  days. 

Bacterial  isolate  types  from  Phitsanuloke  showed  a  very  different 
distribution  from  that  of  Bangkok.  While  at  Pramongkutklao, 


TABLE  119 

MILITARY  STATUS  OF  COMBAT  CASUALTY  PATIENTS  AT 
P RAMON GKUTKLAO  HOSPITAL,  BANGKOK  THAILAND  1978-9 


Military  and  Police 

Private 

NCO 

Officer 

Civilian 


No. 

% 

223 

130 

58 

79 

36 

14 

6 

52 
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TABLE  120 

AGE  OF  COMBAT  CASUALTY  PATIENTS  AT 
PRAMONGKUTKLAO  HOSPITAL,  BANGKOK  THAILAND  1978-9 


<19 

7 

20-24 

165 

25-29 

53 

30-39 

34 

40-49 

14 

>50 

2 
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TABLE  121 

AGENT  OF  INJURY  IN  COMBAT  CASUALTY  PATIENTS  AT 
PRAMONGKUTKLAO  HOSPITAL,  BANGKOK  THAILAND  1978-9 


Land  mine 

Mortar,  grenade 

Rifle 

Pistol 

Artillery 

Punji  stick 

Fire 


No.  % 

123  42 

53  18 

105  36 

4  1 

2  1 

1 
1 


*  16  cases  received  injuries 
from  2  agents 
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TABLE  122 

ANATOMICAL  LOCATION  OF  INJURY  IN  COMBAT  CASUALTY 
PATIENT  AT  PRAMONGKUTKLAO  HOSPITAL,  BANGKOK  THAILAND  1978-9 


No. 

% 

Head  and  neck 

28 

10 

Thorax 

34 

12 

Abd  &  genitalia 

10 

4 

Upper  extremity 

46 

17 

Lower  extremity 

135 

49 

Multiple  injuries  involving 
more  that  one  of  the  above 
classifications 

22 

8 
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CULTURE  RESULTS  FROM  LOWER  EXTREMITY  COMBAT  INJURIES 
SEEN  AT  P RAMON GKUTKLAO  HOSPITAL  1978-1979 
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No  Growth 


TABLE  124 


CULTURE  RESULTS  FROM  COMBAT  INJURIES  OF  THE  UPPER 
EXTREMITY  SEEN  AT  P RAMON GKUTKL AO  HOSPITAL  (N-48) 


Pure  Culture 


Pseudomonas  sp .  7 
Enteric  organisms  5 
Staphylococcus  aureus  2 
Mima  sp .  2 
Herellea  sp.  1 
Acinetobactor  1 
Skin  flora  1 

Mixed  Culture 

Pseudomonas  with  staphylococcus  2 
Pseudomonas  with  enteric  organisms  1 
Pseudomonas  with  skin  flora  2 
Pseudomonas  with  enterics  and  staphylococcus  1 
Enterics  with  staphylococcus  1 
Enterics  with  Klebsiella  and  streptococcus  1 

No  Bacterial  Growth  28 
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TABLE  126 


ANTIBIOTIC  THERAPY  OF  LOWER  EXTREMITY 
INJURY  PATIENTS  N=155  ' 


No. 

% 

Ampicillin/Amoxicillin 

108 

70 

Kanamycin 

76 

49 

Penicillin  G 

60 

39 

Bactrim/Sept rin 

49 

32 

Gentamicin 

30 

19 

Chloramphenicol 

24 

16 

Cloxacillin 

12 

8 

Tetracycline 

7 

5 

Streptomycin 

4 

3 

Lin  corny  cin 

2 

1 

( 

j 

TABLE  127 

SEQUELLAE  OF  FRACTURES  P RAMON GKUTKLAo  HOSPITAL 

BANGKOK  THAILAND  1978-1979 

Fractures: 

Lower  Extremity  (N=125) 

Amputation  prior  to  admission 
at  Pramongkutklao  Hospital 

82(65.6%) 

Amputation  after  admission 
'  to  Pramongkutklao  Hospital 

10(  8.0%) 

Evidence  of  infection  on  admission 

1  in  non-amputated  fractures 

33(76.7%) 

Upper  Extremity  (N»43) 

Amputation  prior  to  admission 
at  Pramongkutklao  Hospital 

6(13.9%) 

Amputation  after  admission 
to  Pramongkutklao  Hospital 

2(  4.7%) 

Evidence  of  infection  on  admission 
in  non-amputated  fractures 

> 

31(83.8%) 
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isolates  of  Pseudomonas  s£.  represented  over  one  third  of  all 
isolates,  at  the  primary  health  care  center.  Pseudomonas  was 
identified  in  less  than  10%  of  isolates.  In  non-pseudomonal 
isolates,  Staphylococcus  epidermidis  and  Enterobacter  sp. , 
especially  E.  agglomerans ,  represented  a  much  higher  percentage 
of  wound  associated  isolates  in  the  primary  centers  than  in  the 
secondary.  Staphylococcus  aureus  was  slightly  more  common  in  the 
secondary  center.  Antibiotic  sensitivity  patterns  for  bacteria 
isolated  did  not  vary  by  level  of  care. 

Three  culture  techniques  were  assessed  as  to  agreement  in  bacterial 
isolation.  Surface  swabs  agreed  only  occasionally  with  swabs 
taken  from  deep  within  the  wound  (Table  128).  Except  in  the 
instance  of  the  isolation  of  E.  coli,  given  that  an  organism  was 
isolated  by  one  technique,  in  less" than  half  of  the  cases  could 
the  organism  be  isolated  from  the  other  swab.  The  situation  was 
similar  for  tissue  specimens  taken  for  culture.  In  no  case  was 
there  more  than  50%  agreement  between  tissue  specimen  and  swab 
specimen. 

Data  collection  for  this  project  is  complete,  but  reduction  and 
analysis  will  continue  into  the  next  year. 

4 7 .  Hematologic  Values  in  a  Selected  Normal  Group  of 
Bangkok  School  Children 

OBJECTIVE :  To  determine  the  normal  hematologic  values  on  a 
select  group  of  Bangkok  students,  of  the  ages  of  6  to  9  years, 
accepted  as  clinically  free  of  significant  disease. 

BACKGROUND :  Clinical  values  in  hematology,  when  reference 
normals  are  unavailable,  are  generally  accepted  as  those  presented 
by  Wintrobe  and  others  (191-194).  Age  differences  for  pediatric, 
adolescent,  and  adult  groups  have  been  presented  and  are  generally 
accepted  (  193,  195,  196).  Values  for  narrow  age-range  groups 
have  been  reported  to  be  significantly  different  from  standard 
literature  references  (197).  This  Laboratory  has  been  studying 
a  group  of  Bangkok  school  children,  students  at  the  Phibun- 
prachasan  School  (196,  23).  A  requirement  for  definition  of 
normal  hematologic  values  with  respect  to  these  children  provided 
the  impetus  for  this  study. 

METHOD:  The  children,  aged  6  to  9,  are  healthy  Thai  children 
participating  in  a  longitudinal  dengue  hemorrhagic  fever  study. 

All  are  students  of  a  lower  middle  class  public  school  in  Bangkok. 
Venous  blood  was  drawn,  preserved  in  disodium  EDTA,  and  assayed 
within  7  hours  of  being  drawn. 
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7ABLE_i29 
STUDY  VALUES 

(E-L  :  Extreme  Low,  Mil:  Mean  ±  l  standard  deviation,  E.  H.  :  Extreme  High) 
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Table  130 

Comparative  Reference  Values* 

Age  6-9(97%) 

male 

female 

Height  (in.) 

49.7-57.2 

49.4-56.5 

Weight  (kg.) 

27.7-40.8 

26.6-40.8 

Age  6-10 

Age  8-12  Age  21 

Adult 

Hematocrit(%) 

40 

37-54 

Hemoglobin(gm) 

13.0-15.5 

11-18 

White  blood  cells(lC 

>3) 

8 

5-10 

Sedimentation  rate(mm/hr) 

0-15 

Neutrophiles(%) 

43-61 

46-66 

B.and  neutophiles(%) 

6-11 

5-11 

Lymphocytes (%) 

42-48 

24-44 

Monocytes  (%) 

4. 3-4. 7 

4 

Eosinophiles(%) 

2. 4-2. 7 

2.7 

Basophiles(%) 

0.5-0. 6 

0.5 

*  IN:  (1)  Jacques  Wallack.  1974.  Interpretation  of 

diagnostic  test.  2nd.  ed .  p.4-7.  Little,  Brown 
and  Co.  Boston. 

(2)  Henry  K.  Silver,  Kempe,  C.H.,  and  Bruyn,  H.B.  1977. 
Hand  Book  of  pediatrics,  12th.  ed.,  p.  672-673. 
Lange  Medical  Publications,  Los  Altos,  Calif. 
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Hematocrits  were  performed  by  micro-capillary  tube  centrifugation, 
hemoglobins  measured  spectrophotometrically  by  the  Cyanmethemo- 
globin  method  using  Drabkins  solution,  white  blood  cell  counts 
by  microscope  and  hemo cytometer,  sedimentation  rates  by  the 
method  of  Wintrobe  and  Landsberg,  and  white  blood  cell  differen¬ 
tial  counts  by  microscopic  examination  of  Wright's  stained  thin 
film  smears.  The  children's  age,  sex,  height  and  weight  was 
obtained  during  the  blood  drawing. 

RESULTS :  Table  129  shows  the  results  of  the  study  group  and  Table  130 
provides  comparison  data  from  standard  reference  literature. 

Due  to  the  small  number  sampled,  tests  of  statistical  significance 
were  not  performed  and  data  is  intended  only  to  represent  guide¬ 
line  information.  There  appears  to  be  a  difference  in  band 
neutrophile  and  eosinophile  percentages.  No  explanation  for  the 
band  neutrophile  percentage  difference  is  apparent.  The  eosinophila 
may  be  due  to  the  endemicity  of  parasitic  infections  in  Thailand. 
However,  no  efforts  were  made  to  confirm  this  and  the  children 
were  considered  normal  based  on  history  and  inspection. 

48.  Support  Activities  of  the  Department  of  Veterinary 
Medicine 


OBJECTIVE:  To  report  the  various  activities  of  the  Department 
of  Veterinary  Medicine  during  CY  79  (1  Oct  78-30  Sep  79). 

RESULTS :  Laboratory  Animal  Colony  Activities  -  During  FY  79, 
the  laboratory  animal  colony  supplied  a  large  number  of  research 
animals  to  both  AFRIMS  investigators  and  investigators  from 
several  other  medical  schools  and  research  institutions.  The 
total  number  of  animals  bred,  raised,  conditioned  and  issued  for 
use  is  summarized  in  Tables  131,132  and  133.  Table  134  lists  the 
blood  by  species  that  was  supplied  to  various  investigators. 

A  total  of  89  rhesus  monkeys  (Macaina  mulatta)  were  used  in  the 
antimalarial  drug  development  program  in  FY  79.  A  total  of  8 
cynomolgus  monkeys  (Macaca  fasicularis)  were  used  in  hepatitis 
and  malaria  projects  during  the  year.  A  total  of  15  cynomolgus 
monkeys  were  born  between  Jan  1979  and  August  1979  in  our  ^ 
cynomolgus  breeding  colony.  This  is  just  one  short  of  a  100-6 
birth  rate  in  our  first  year  of  breeding  this  species.  During 
the  year  we  shipped  94  rhesus  monkeys  to  the  WRAIR  for  use  by 
other  investigators. 
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Table  131  Mouse  Production.  From  October  78  -  September  79 


Nuntoer  litters  bom 

25,669 

Number  born 

231,288 

Weanlings  Issued 

AFRIMS 

2,391 

Non-AFRIMS 

j 

34,163  (11  Institutions] 

Adults  Issued 

AFRIMS 

259 

Non-AFRIMS 

1,271  (2  Institutions) 

Litters  Issued 

6,846 

Sucklings  Issued 

AFRIMS 

10,775 

Non-AFRIMS 

5,140  (1  Institution) 

Total  Deaths 

3,217 

Average  pregnancy  of  female  breeders 

68  -  73% 
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Table  132  Hamster  Production.  October  78  -  September  79. 


Number  litters  bom 

42 

Number  born 

339 

Weanlings  Issued 

AFRIMS 

0 

Non-AFRIMS 

0 

Adults  Issued 

AFRIMS 

55 

Non-AFRIMS 

158  (3  Institutions) 

Total  Deaths 

47 

Average  pregnancy  of 

female  breeders 

o7  -  38% 

Table  133  Guinea-pig  Production.  October  78  -  September  79. 


Number  litters  bom 

131 

Number  bom 

411 

Weanlings  Issued 

AFRIMS 

0 

Non-AFRIMS 

448  (3  Institutions 

Adults  Issued 

AFRIMS 

10 

Non-AFRIMS 

14  (1  Institution) 

Total  Deaths 

71 
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Table  134  Blood  Issued.  October  78  -  September  79. 


Sheep 

AFRIMS 

22,547  cc. 

Non-AFRIMS 

9,550  cc.  (4  Institutions) 

Geese 

AFRIMS 

3,180  cc. 

Rabbit 

AFRIMS 

1,230  cc. 

Chicken 

AFRIMS 

250  cc. 

Monkey 

AFRIMS 

200  cc. 

Dog 

AFRIMS 

100  cc. 

Cat 

AFRIMS 

100  cc. 

Cow 

AFRIMS 

100  cc. 

Pig 

AFRIMS 

100  cc. 

Guinea-pig 

AFRIMS 

16  cc. 

Total 

37,373  cc. 

Table  135  Activities  of  the  Hematology  Laboratory  for  FY  79 

1  October  78  -  30  September  79. 


Malarial  parasite  Counts 

6,610 

Slides 

Red  Blood  Cell  Counts 

886 

Specimens 

White  Blood  Cell  Counts 

1,485 

Specimens 

Drugs  (weighed  for  malaria-infected  monkeys) 1,801 

doses 

C.B.C.  in  Laboratory  &  Domestic  Animals 

235 

Specimens 

Fecal  specimens  examination  for  parasites 

70 

Specimens 

Histopathology 

877 

Slides 
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During  the  year,  we  were  able  to  establish  a  separate  breeding 
colony  of  mice  that  would  produce  at  least  200  suckling  mice 
per  day  for  use  by  the  Departmentof  Bacteriology  and  Clinical 
Laboratory  Sciences  in  their  E_.  coli  toxin  assay.  This  project 
requires  mice  3-4  days  old  with  body  weights  that  fall  within 
critical  limits. 

Hematology  Laboratory  Section:  Activities  of  the  hematology 
laboratory  section  during  FY  79  are  summarized  in  Table  135. 

Three  training  courses  in  laboratory  animal  medicine  were  taught 
during  FY  79.  Two  undergraduate  courses,  one  for  senior 
veterinary  students  from  Kasetsart  University  lasting  six  hours 
and  one  for  sophomore  veterinary  students  from  Chulalongkorn 
University  lasting  a  total  of  12  hours  (6  hours  lecture  and  6 
hours  practical  exercises)  were  taught.  One  post  graduate 
training  course  for  Mahidol  University  Master's  degree  candidates 
lasting  a  total  of  12  hours  was  also  taught. 


Project  3M162770A802  MILITARY  PREVENTIVE  MEDICINE 


Work  Unit  008  Tropical  and  Subtropical  Diseases  in  Military 
Medicine 
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PART  I.  CHEMOTHERAPEUTIC  STUDIES  ON  SCHISTOSOMIASIS. 

1.  Description:  Schistosomiasis  continues  to  be  ranked  as  one  of 
the  most  important  of  the  tropical  diseases,  yet  we  still  lack  suit¬ 
able  means  for  chemotherapeutic  management.  The  few  drugs  currently 
available  demonstrate  only  partial  curative  efficacy  and  are  often 
accompanied  by  adverse  side  effects  ranging  from  carcinogenicity  to 
headaches  and  dizziness.  Considering  the  actual  and  potential  glob¬ 
al  commitments  of  United  States  military  and  civilian  personnel, 

the  risks  to  infection  with  one  of  the  human  schistosomes  remains 
high.  Indeed  the  incidence  of  infection  within  foci  of  local 
indigenous  populations  may  approach  lOOpercent.  Consequently,  a 
major  research  effort  in  anti -schistosomal  drug  development  is  being 
carried  out  by  the  Walter  Reed  Army  Institute  of  Research  (WRAIR) 
in  conjunction  with  the  University  of  Brasilia  (USAMRU-Brasilia). 

The  test  compounds  are  obtained  from  the  Division  of  Experimental 
Therapeutics  (WRAIR)  and  are  tested  for  prophylactic  and/or  cura¬ 
tive  activity  in  mice  at  preestablished  dosage  levels.  The  ulti¬ 
mate  objective  is  the  identification  of  compounds  with  a  high 
potential  for  use  in  the  prevention  and  treatment  of  schistosomiasis 
mansoni . 

2.  Progress: 

a.  Laboratory  Facilities.  At  the  beginning  of  the  reporting  peri¬ 
od,  the  WRAIR  program  in  Bel6m,  Brazil  (USAMRU-Belem)  began  the 
phase  out  of  its  operations.  As  a  result  of  this  closing,  the 
USAMRU-Brasilia  program  acquired  by  transfer  numerous  items  of  e- 
quipment  and  laboratory  and  field  supplies  that  have  greatly  en¬ 
hanced  the  on-going  schistosomiasis  and  malaria  research  efforts. 
Such  key  major  items  as  microscopes,  autoclave,  vacuum  pumps  and 
centrifuge  have  been  especially  beneficial  to  the  schistosomiasis 
program.  Many  expendable  laboratory  supplies  were  also  acquired 
which  significantly  delayed  the  necessity  to  order  for  restocking 
current  levels.  Another  major  improvement  in  laboratory  operations 
was  the  installation  of  a  central  air  compressor  in  the  Nucleo  de 
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Medici na  Tropical  e  Nutri^o,  thus  providing  a  reliable  source  of 
aeration  to  the  snail  colony.  Plans  have  also  been  submitted  and 
approved  for  the  construction  of  a  small  isolation  room  in  the 
Pharmacy.  A  chemical  exhaust  hood  will  be  installed  in  this  area. 
These  improvements  will  provide  a  safer  area  for  the  preparation 
of  test  drugs  for  anti-schistosomal  therapy.  We  have  also  prepared 
a  request  for  the  purchase  of  an  ultrasonic  disintegrator  system 
to  be  used  in  mixing  compounds  to  assure  an  adequate  drug  suspen¬ 
sion  mixture  in  the  designated  vehicle.  This  will  considerably 
improve  the  accuracy  of  drug  dosage  administration. 

b.  Animal  Facilities.  In  FY78  we  reported  serious  problems  with 
the  weekly  supply  of  healthy  mice  from  the  University  of  Brasilia 
Bioterio  (vivarium).  The  Bioterio  has  problems  with  rearing  yound 
mice  to  an  acceptable  weight  (18-23  grams)  and  many  of  these  are 
ill  with  a  broad  spectrum  of  parasitic,  bacterial  and/or  viral 
infections.  More  recently,  for  example,  there  was  an  unusually 
high  mortality  of  young  mice  from  what  appears  to  be  ectromelia 
(mouse  pox).  In  March  and  April  of  this  year  LTC  Robert  J.  Beattie 
VC,  Chief  of  the  Department  of  Animal  Resources,  WRAIR,  visited 
USAMRU-Brasilia  at  the  request  of  the  University  of  Brasilia.  He 
engaged  in  extensive  consultations  with  Dr.  Andre  de  Mello,  Chief 
of  the  UnB  Bioterio,  and  they  jointly  published  a  report  covering 
analyses  of  the  problems,  and  recommended  actions  to  bring  the 
quality  of  animal  management  and  facilities  to  acceptable  standards. 
Those  recommendations  are  now  being  studied  by  University  officials 
and  we  hope  soon  to  begin  extensive  physical  renovations  to  the 
current  facility.  Such  renovation  should  include  at  a  minimun:  1) 
complete  isolation  of  animal  rooms  from  the  outside  environment  to 
Include  separation  of  "clean"  areas  from  "dirty"  areas;  2)  wash 
area  with  the  provision  of  hot  water  and  sterilization  facilities; 

3)  control  of  air  circulation,  temperature  and  relative  humidity 

in  animal  rooms;  4)  adequate  storage  areas  for  food  and  bedding; 
and  5)  reorganization  of  the  personnel  management  structure  for 
Bioterio  animal  technical  personnel. 

Current  animal  facilities  within  the  drug  testing  laboratory  are 
adequate  for  maintaining  experimental  mice.  We  continue  to  use 
ground  corn-cob  (cellulose)  bedding  material  purchased  annually 
from  a  local  farmer.  We  are  presently  devising  a  method  for 
Improving  this  by  filtering  out  the  fine  dust  portion  of  the  fin¬ 
ished  ground  product. 

c.  Snail  Colony..  The  Biomphalaria  glabrata  (Paulista  Strain) 
snail  colony  continues  to  provide  SchTsLvosoma  mansoni  cercariae 
in  sufficient  quantities  to  perform  the  weekly  mouse  exposures 
for  drug  testing  and  life  cycle  maintenance.  A  weekly  average  of 
400  snails  were  exposed  to  miracidia  recovered  from  macerated 
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infected  mouse  livers.  An  unusually  low  level  of  prepatent  mortal¬ 
ity  (5  percent)  was  obtained;  of  the  survivors  which  were  screened 
42  days  post-exposure,  57  percent  were  positive  for  emerging  cer- 
cariae.  These  were  maintained  for  future  cercariae  collections  and 
a  weekly  average  population  of  1,200  positive  snails  (range  804  to 
1,853)  were  on  hand  at  one  time.  In  general  approximately  58  per¬ 
cent  of  the  snails  exposed  were  later  recovered  with  patent  infec¬ 
tions. 

d.  Drug  Testing.  A  total  of  690  bottle  number  compound  samples 
were  received  from  WRAIR  during  the  reporting  period.  Of  these  5 
compounds  were  predesignated  for  both  prophylactic  (PMT)  and 
curative  (PCT)  testing;  557  compounds  were  predesignated  for  only 
curative  testing  and  128  compounds  were  predesignated  for  only 
mortality  testing.  Table  1  summarizes  the  workload  data  relative 
to  drug  testing.  While  474  specific  compounds  were  tested  in  the 
PCT,  for  example,  135  of  those  were  compounds  which  were  actually 
received  during  FY79.  All  others  were  tests  of  compounds  received 
earlier  and  representing  a  backlog.  The  situation  with  the  PMT 
testing  backlog  was  more  drastic.  No  compounds  received  during 
FY79  were  actually  tested  during  the  reporting  period;  all  com¬ 
pounds  tested  in  the  PMT  were  retests  or  tests  of  compounds  re¬ 
ceived  earlier  than  1  Oct  78.  The  reasons  for  the  accumulated 
backlogs  are  twofold:  1)  increased  emphasis  on  retesting  compounds 
which  show  initial  activity  or  toxicity,  and  2)  reduced  numbers 

of  mice  available  for  weekly  testing  (see  "Animal  Facilities" 
above).  Both  factors  worked  to  accumulate  a  backlog  while  compounds 
continued  to  be  shipped  from  WRAIR.  Additionally,  many  promising 
compounds  were  tested  under  "dose  response"  conditions  at  two 
routes  of  administration  (subcutaneously  or  orally  by  gavage). 
Consequently,  one  compound  test  might  involve  the  use  of  as  many 
as  12  groups  of  test  mice  (70  mice).  Indeed,  one  PMT  run  (PMT 
78339)  consisting  of  250  test  mice  evaluated  only  5  compounds  under 
these  conditions.  All  such  retest  backlogs  have  been  eliminated 
and  we  are  currently  diminishing  the  untested  drug  backlog. 

e.  Personnel .  The  drug  testing  program  is  directed  by  one  American 
Senior  Investigator  and  supported  by  a  staff  of  seven  Brazilian 
Laboratory  Assistants  and  one  secretary/typist.  The  operating 
program  is  broken  down  into  five  work  areas:  1)  Snail  Colony  (two 
people);  2)  Animal  Service  (one  person);  3)  Necropsy  (one  person); 
Pharmacy  (two  people);  and  Administration  (two  people).  All  indi¬ 
viduals  are  cross-trained  in  procedures  of  snail  maintenance,  sub¬ 
cutaneous  and  gavage  drug  administration,  daily  mouse  maintenance 
with  mortality  checks,  and  mouse  exposures  to  cercariae.  Each  in¬ 
dividual  is  able  to  perform  all  duties  in  at  least  two  other  areas 
of  work.  One  of  the  persons  listed  under  "Administration"  is  a 


i 


1422 


TABLE 


i-wcoiocovinifl 

*mNCOCD<tlON 

O  •”  ^  2  N 


o  o  o  o 

co  co  O  O 

CO  Ol  «a-  «ft- 

CO  00  CO  r— 


hinoooinic«tin 

Of—  q-  ID  ^  O'  S  N 

in  <sf  co 


<  o  <  < 

Z  Ul  Z  E 
10 
CO 


l-fl-OlflMOlr-O 

SETC'JCOCMTO’TO-OIO 

f—  co  in  ^ 


CO  CO 

hs  r— * 


«C  O  <C  < 

z  co  z  z 

CO 

in 


i.  u 

0)  <U 
JO  JO 


c 

O  * 

O  1/1  • 

a 

•o  3 

ft)  O 

P  S-  * 

O  CD  m 

a)  a. 
Pas 
C  3  O 

*-*  fc.  U 
O  CD 

•O  ft)  Di 

Sf  y  3 

P  C  i. 
<0  ft)  CO 

0)  s- 

h  ft)  P 

p  4-  m 

C  ft)  ft) 

o  a  h 

p  p  p 

o  o  o 

$-  I_  c. 
ft)  ft)  ft) 
JO  X)  JO 
E  E  E 
3  3  3 

2  Z  Z 


3  I 
Z  C 
O 

ft)  Z 

r— 

P  "O 
P  C 
O  (0 
00 

ft) 

f—  > 

ID  'r- 

P  P 
£  y  -n 

h-  re 
•  C 

_  T3 

T)  C 

ft)  in  to 

P  CD 

m  3 
ft)  L. 
(-OW 
ft) 

W  l*~  r— 

a  .  o  n 

3  re 

i_  i.  i— 

co  0) 

.Q  ft) 

*4-  Eft) 

o  3  in 


TO 

ft)  ft)  •  . 

>  N  •  • 

•i“  — n  *i—  »  • 

P  r— 

y  *r—  •  • 

<  ■a  p 

C  ZD 

in  to  »  • 

O)  ft)  .  . 

3  y 

c  f-  O)  • 

o  in  s;  c 

ft)  *r-  ft) 

t+-  r—  I+—  4-)  r— 

O  J3  o  in  y 

,  co  ,  ft)  >1 

h  h-  i-  h-  CJ 

0)  ft)  $_ 

J0  ft)  JO  CD  ft)  ft) 

E  ft)  E  3  P  JO 

3  (/>  3  S-  f-  P 

Zh  Z  Q  _)  o 


1423 


One  group  contains  5  test  mice. 


senior  laboratory  technician  capable  of  performing  duties  in  all 
laboratory  work  areas  as  the  need  arises. 

3 J  Test  Procedures; 

a.  General :  The  current  system  of  testing  places  a  priority  of 
prophylactic  or  curative  testing  on  each  compound.  For  those  com¬ 
pounds  received  for  testing  in  both  systems,  prophylactic  testing 
is  still  performed  first.  All  tests,  prophylactic  or  curative,  are 
performed  with  groups  of  five  mice  per  drug  per  dosage.  All  mice 
are  individually  tail-exposed  for  30  minutes  to  the  numbers  of 
cercariae  required  by  the  specific  test.  Drugs  are  routinely  pre¬ 
pared  for  administration  in  a  peanut  oil  vehicle  unless  another 
vehicle  (such  as  water,  saline,  alcohol,  or  cremophor)  has  been 
previously  recommended.  All  drugs  are  administered  subcutaneously 
unless  orally  (by  gavage)  has  been  previously  designated.  Like¬ 
wise,  all  drugs  are  administered  in  terms  of  mgs  per  kg  body  weight 
of  mouse  recipient. 

b.  Primary  Mortality  Test  (PMT):  The  PMT  is  a  prophylactic  test 
in  that  it  evaluates  drug  activity  against  immature  migrating 
larval  schistosomes.  Mice  are  exposed  to  3,000  -  3,500  S..  mansoni 
cercariae.  Two  days  after  exposure,  drugs  are  administered  in  a 
single  innoculation  to  each  of  the  five  test  animals  per  drug.  The 
standard  initial  test  dose  is  640  mgs/kg  and  future  testing  may 
repeat  this  dose,  with  other  groups  being  tested  at  lower  dosages. 

For  every  PMT  group  there  are  control  groups  of  1)  25  infected 
untreated  mice,  2)  10  normal  mice,  and  3)  five  mice  treated  with 
the  reference  drug  Niridazole  (640  mgs/kg).  The  infected  untreated 
control  mice  will  begin  dying  on  day  20  post-exposure  and  none  will 
survive  past  day  30  in  most  cases.  Niridazole-treated  mice  survive 
until  day  49.  Active  drugs  are  those  for  which  treated  mice  sur¬ 
vive  two  weeks  after  the  mean  day  of  death  of  the  infected  control 
mice.  At  49  days,  all  surviving  mice  (controls  and  drug  test)  are 
perfused  for  total  worm  burden  determination  (1),  Drugs  are  consid¬ 
ered  toxic  at  the  dosage  given  if  recipient  mice  die  within  10 
days  post-treatment  (12  days  post-exposure).  All  active  compounds 
are  scheduled  for  later  retest  confirmation  at  the  same  dosage  and 
route  of  administration  as  the  initial  test.  If  positive  confir¬ 
mation  is  obtained  for  activity,  then  further  testing  at  different 
dosages  by  both  routes  (subcutaneous  or  oral)  is  scheduled.  Toxic 
compounds  are  retested  at  lower  dosages  until  non-toxicity  is 
obtained. 

c.  Primary  Curative  Test  (PCT):  The  PCT  is  a  curative  test  of  a 
compound  against  an  established  S.  mansoni  infection  in  mice  ex¬ 
posed  to  160-200  cercariae.  Thirty-three  days  post-exposure  drugs 
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(100  mgs/kg)  are  administered  daily  for  five  consecutive  days  (until 
day  37)  in  the  same  manner  as  described  for  the  PMT.  Three  days 
following  the  last  treatment,  all  mice  are:  1)  killed  individually 
by  cervical  dislocation;  2)  the  livers  are  immediately  removed;  3) 
the  livers  are  made  into  liver  squash  preparations;  and  4)  the 
numbers  and  condition  of  worms  in  the  liver  are  determined  for  each 
surviving  animal.  Control  groups  for  each  PCT  run  are:  1)  20  un¬ 
treated  infection  control  mice;  2)  10  Niridazole  treated  mice  (5 
at  100  mgs/kg/day  and  5  at  160  mgs/kg/day)  and  3)  five  Oxamniquine 
treated  mice  (100  mgs/kg/day). 

Criteria  for  drug  activity  are  based  upon  the  hepatic  shift  of 
adult  worms  from  the  mesenteries  to  the  liver.  This  shift  is  pre¬ 
sumed  to  be  a  result  of  drug  pressure.  Not  only  are  the  total  num¬ 
bers  of  liver  worms  determined  but  the  conditions  of  those  worms 
are  also  taken  into  consideration.  The  presence  of  dead  worms  is 
incontrovertable  evidence  of  drug  activity,  while  the  presence  of 
small,  abnormally  developed  "sick"  worms,  possessing  little  move¬ 
ment,  is  evidence  of  possible  activity  requiring  further  testing. 

Untreated  control  mice  will  normally  show  five  to  15  worms  (with  a 
mean  of  11  to  13  worms)  in  the  liver.  A  mean  test  animal  liver 
worm  burden  of  20  to  25  worms  may  be  indicative  of  "marginal"  drug 
activity.  Such  mean  burdens  higher  than  25,  even  though  the  worms 
are  living,  is  justification  for  retesting,  possibly  at  a  higher 
dosage  level.  Oxamniquine  treatment  produces  high  dead  worm  burdens 
in  the  livers  of  infected  animals  while  Niridazole  produces  high 
living  (but  "sick")  worm  burdens  at  100  mgs/kg  and  160  mgs/kg,  with 
the  appearance  of  a  few  dead  worms  at  the  latter  dose. 

d.  Secondary  Curative  Test  (SCT):  We  reported  earlier  (Annual 
Technical  Report  for  FY78)  our  efforts  to  expand  the  drug  testing 
capabilities  to  secondary  curative  testing.  At  that  time  we  were 
standardizing  the  test  and  formulating  the  data  interpretation 
criteria.  Those  standardizations  have  been  completed  and  we  are 
prepared  to  initiate  testing  early  in  FY80. 

The  SCT  is  designed  to  determine  the  minimal  dose  of  each  drug 
which  produces  the  death  of  virtually  all  worms  and  to  characterize 
for  each  drug  treatment  the  time  required  to  produce  an  effect  upon 
the  residual  live  worm  burden.  The  following  effects  will  repre¬ 
sent  partial  or  complete  drug  activity:  1)  the  presence  of  dead 
worms  and/or  2)  the  presence  of  abnormally  low  total  worm  burdens 
and/or  3)  the  presence  of  abnormally  developed  worms  ("stunted", 
"sick"  or  otherwise  representing  abnormal  morphologic  development). 
This  will  be  confirmed  by  more  refined  microscopic  analysis.  Table 
2  depicts  the  proposed  standard  protocol  for  the  SCT.  As  can  be 
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seen  from  the  numbers  of  animals  required  to  test  one  drug  at  one 
dose,  careful  selection  of  candidate  compounds  must  be  made  based 
upon  prior  results  in  the  PCT  in  order  to  take  maximum  advantage 
of  the  test  system. 

Control  infections  in  the  SCT  should  behave  as  follows: 

1)  Infected,  untreated  controls:  Total  worm  burdens  (healthy 
worms)  will  remain  constant  throughout  the  analysis  period  (30%  - 
60%  of  cercarial  exposure  dose).  There  will  be  no  or  very  few  dead 
or  abnormally  developed  worms  present. 

2)  Infected,  Nlridazole-treated  (160  mgs/kq/da,y  X  5  days):  There 
will  be  an  increase  in  dead  worm  burden  with  time  after  treatment, 
from  no  or  few  dead  worms  on  Day  3  post-treatment  to  greater  than 
90%  dead  worms  on  days  13  and  20  post-treatment.  However,  the  total 
worm  burden  (dead  +  living  worms)  will  remain  high  throughout  the 
analysis  period  (Days  3-20  post- treatment) . 

3)  Infected,  treated  with  Oxamniquine  (100  mgs/kg/day  X  5  days): 
Greater  than  90%  of  the  worm  burden  will  be  killed  by  Day  3"post- 
treatment.  The  majority  of  the  dead  worms  will  be  in  the  liver  and 
will  have  undergone  considerable  deterioration  (with  concurrent 
dead  worm  granuloma  formation)  by  day  20  post-treatment. 

4.  Results  of  Drug  Testing.  Tables  3  through  8  represent  all  drug 
testing  results.  A  summarization  of  these  results  indicates  that 
of  the  591  PMT  and  474  PCT  compounds  tested,  152  (25%)  were  PMT 
retests  of  previously  tested  drugs  and  33  (7%)  were  PCT  retests. 
Additionally  37  (15%)  PMT  compounds  and  44  (9%)  PCT  compounds  were 
ttsced  twice  during  the  reporting  period  because  of  toxicity  or 
unconfirmed  activity.  Tables  3  and  6  identify  those  compounds 
which  were  reported  as  unconfirmed  or  confirmed  actives  in  their 
respective  tests.  In  the  PMT,  18  compounds  were  reported  as  such 
(Table  3).  All  but  three  of  these  were  in  dose  response  tests, 
and  all  represent  retests  of  compounds  confirmed  as  active  in  pre¬ 
vious  years.  Many  of  them,  however,  are  now  reported  active  in  a 
wider  range  of  dosages  than  previously  reported.  In  the  PCT,  40 
compounds  were  reported  as  confirmed  or  unconfirmed  actives  (Table 
6).  Of  these,  7  compounds  represent  PCT  retests  from  previous 
years,  6  of  which  were  tested  under  dose  response  conditions  (see 
PMT  tests  above).  All  of  the  remaining  33  compounds  were  tested 
for  the  first  time  in  FY79. 

In  the  identification  of  active  compounds,  primary  reference  is 
made  only  to  the  bottle  code  numbers  (and  corresponding  Brazil 
numbers)  since  many  (but  not  all)  of  the  compounds  that  we  receive 
are  protected  proprietary  secrets  ("commercially  discreet").  We 
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have,  however,  identified  below  the  general  classes  of  the  more 
significant  non-discreet  active  compounds,  Numbers  in  parentheses 
represent  the  number  of  compounds  of  each  class  which  showed  indi¬ 
cations  of  activity,  For  the  PMT  these  are: 

heavy  metals  (5) 

quinoline  methanols  (3) 

nitro  vinyl  furan  (!) 

nitro  diphenyl  isotheocyonate  (1) 

For  the  PCT  these  are: 

acridine  (3) 
nitrofuran  (2) 
heavy  metals  (2) 
piperazine  (1) 
fluorene  methanol  (1) 

8-ami noquinoline  (1) 
quinoline  methanol  (1) 
phenanthrene  methanol  (1) 
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TABLE  2 


Proposed  protocol  for  the  performance  of  the  Secondary  Curative  Test 
(SCT)  in  the  anti -schistosome  drug  development  program  of  USAMRU- 
Brasilia. 


Day  Procedure 

0  Exposure  all  but  10  mice  to  80-100  SmC 

33  Divide  all  mice  into  the  following  groups: 

Uninfected/No  Rx  .  10  mice 

Infected/No  Rx  .  80  mice 

Tnfected/Rx  Nirid.  160  ...  40  mice 

Infected/Rx  Oxam  100  .  40  mice  * ** 

Infected/Rx  Exp.  Drug  —  (40)  mice/drug/dose/route 

33-37  Treat  all  mice  (x  mg/kg/day  X  5  days) 

'k'k 

40  Sacrifice  \  of  each  group  (Day  3  post-Rx) 

43  Sacrifice  %  of  each  group  (Day  6  post-Rx) 

** 

50  Sacrifice  \  of  each  group  (Day  13  post-Rx) 

57  Sacrifice  %  of  each  group  (Day  20  post-Rx) 


★ 

The  number  of  mice  per  test  drug  is  to  be  determined  on  a  drug- 
by-drug  basis  and  is  dependent  upon  the  quantity  of  drug  available. 
Under  normal  conditions  use  40  mice  per  test  drug  group  if  sufficient 
drug  quantities  are  available.  Run  as  many  experimental  drug  groups 
as  the  supply  of  mice  permits. 

** 

Each  mouse  is  to  be  killed  by  heparinized  sodium  pentabarbitol , 
perfused  and  '’liver  pressed".  Total  worm  burden  will  be  recorded 
as  "Living"  and  "Dead"  and  will  be  expressed  as  the  sum  of  those 
perfused  and  those  observed  in  the  liver.  Worms  recovered  will  be 
killed,  fixed  and  preserved  in  AFA  for  further  analysis. 
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160  SQ  Active  (5/5)  Unconfirmed 

320  SQ  Active  (5/5)  Unconfirmed  (Prior 

confirmed  Active  at 

_ _ 640  and  1920  mg/ kg) 


TABLE  3  (continued) 
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TABLE  3  (continued) 
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TABLE  3  (continued) 
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TABLE  8  (continued) 
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PART  II.  CLINICAL,  EPIDEMIOLOGICAL,  IMMUNOLOGICAL  AND  ENTOMOLOGICAL 
STUDIES  ON  MALARIA  IN  AMAZONAS,  BRAZIL,  ALONG  THE  ITUXI 
RIVER. 


1.  General ; 

A  program  of  studies  on  malaria  in  the  Amazon  Basin  was 
initiated  in  CY  1978.  The  field  site  for  these  studies  is  along 
:the  Ituxi  River,  southwest  of  Labrea,  Amazonas,  Brazi MFigure  1). 

The  operational  headquarters  and  laboratories  in  the  Nucleo  de 
Medicina  Tropical  e  Nutricao  (Center  of  Tropical  Medicine  and 
Nutrition)  at  the  University  of  Brasilia  provide  the  logistical 
and  technical  support  for  our  studies  in  the  field.  Over-all 
program  objectives  are  to  evaluate:  a)  the  clinical  and  epidemiolo¬ 
gical  aspects  of  malaria,  b)  the  immunological  aspects  of  malaria 
with  increased  emphasis  on  in  vitro  drug  susceptibility  testing, 
and  c)  the  ecology  and  population  dynamics  of  malaria  vectors. 

The  information  from  these,  and  associated,  studies  is  fundamental 
to  an  understanding  of  the  mechanisms  affecting  continued  malaria 
transmission  despite  ongoing  control  measures  in- these  areas. 

2.  Description  of  the  Field  Study  Area: 

The  Ituxi  Riverv-reglon  is  an  excellent, area  for  conducting 
studies  on  malaria  ecology  due  to  the  existence:  of  a  high  level  of 
disease  transmission  in  spite  of  active  control  efforts.  The  Ituxi 
is  a  branch  river  of  the  larger  Purus  River.  -\The  Ituxi -Purus  con¬ 
fluence  is  located  approximately  10  kilometers^west  of  Labred  in 
Amazonas  State.  The  Ituxi  headwaters  are  found  in  the  statsjs  o* 

Acre  and  Amazonas.  The  terra  firme  and  igapo  habitats  ar**tfte 
most  frequently  encountered  habitats  aTong  the  river  (terra  firme 
is  highland  that  Is  never  inundated  by  the  river;  igapo  is  composed 
of  low  areas  that  are  inundated  for  several  months  each  year).  The 
Ituxi  River  residents  comprise  a  widely  distributed  and  stable 
community.  They  generally  have  been  born  and  raised  on  this  river 
system.  Houses  normally  are  built  on  terra  firme  and  families  earn 
their  livelihood  by  collecting  rocks  for  construction,  rubber,  latex 
and  castanhas  do  Para.  Subsistence  farming,  hunting,  and  fishing 
are  other  principal  activities. 

3.  Clinical  and  Epidemiological  Studies  of  Malaria  in  Amazonas,, 
Brazil: 

a.  Introduction:  Although  measures  to  eradicate  malaria  are  applied 
throughout  the  state  of  Amazonas,  the  incidence  and  prevalence  of  this 
disease  remains  high.  Malaria  surveillance  data  obtained  from  Su- 
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perintendencia  de  Campanhas  de  Saude  Publica  (SUCAM)  reveal  that 
Amazonas  remains  in  the  group  of  states  within  Brazil  where  malaria 
control  is  yet  to  be  achieved.  The  slide  positivity  rates  for  these 
states  exceeded  those  from  the  remainder  of  Brazil  by  approximately 
twenty-fold  for  each  of  the  years  1974  through  1978  (Table  9).  The 
average  annual  slide  positivity  rate  for  the  municipality  of  Labrea, 
Amazonas,  was  11.28%  during  this  same  period,  although  it  appears 
that  the  disease  may  be  receding  somewhat  in  the  urban  areas  (Table 
10).  These  data  evidence  the  continued  significance  of  malaria  in 
Brazil  and  serve  as  indicators  of  the  amount  of  work  yet  to  be  done 
toward  the  eventual  goal  of  eradication. 

b.  Objectives:  The  objectives  of  the  clinical  and  epidemiological 
studies  are  to: 

1)  determine  the  influence  of  migration  on  the  perpetuation 
of  malaria  endemic i^y; 

2)  establish  the  clinical  events  of  malaria  infections  for 
future  comparisons  and  evaluations; 

3)  determine  the  level  of  antimalarial  antibodies  in  this 
population  and  correlate  this  with  spleen  sizes; 

4)  monitor  boat  traffic  on  the  river  to  determine  the 
impact  of  population  movement  on  malaria  endemicity. 

c.  Methods:  Methods  used  to  accomplish  these  objectives  are: 

1)  accurate  mapping  of  the  study  area  and  censusing  to 
determine  the  number  and  location  of  residents  along  the  river; 

2)  the  initial  clinical  examination  of  at  least  85-90%  of 
the  population  with  special  interest  in  slide  positivity  rates  and 
spleen  size; 

3)  the  collection  of  sera  for  antimalarial  serological 

testing; 

4)  the  performance  of  follow-up  examinations  and  repeated 

testing. 

d.  Progress:  The  preliminary  mapping  and  the  census  of  the  study 
area  have  been  accomplished.  Although  the  exact  percentage  of 
persons  examined,  as  well  as  certain  other  clinical  correlations, 
is  unavailable  due  to  incomplete  computer  analysis,  it  appears 
that  the  projected  85-90%  of  the  population  has  been  examined.  The 
total  study  population  consists  of  155  families  including  941 
persons,  or  an  average  of  6.07  persons/family.  A  total  of  1153 
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TABLE  9 


Distribution  of  the  index  of  malaria  incidence  in  Brazil  by  slide 
positivity,  1974-1978,  for  all  species  of  malaria  (Source:  SUCAM). 


Geographical  area  of 


Brazil  according  to  _ 

degree  of  malaria 
eradication  1974 


Eradication  nearing 
completion .  0.7 

Eradication  only  on 
a  long-term  basis..  9.8 


Percent  Slide  Positivity  Rate 


1975 

1976 

1977 

1978 

0.7 

0.5 

0.5 

0.5 

10.1 

10.5 

10.5 

10.9 

TABLE  10 

Malaria  slide  positivity  rates  for  the  municipality  of  Labrea,  Ama 
zonas,  1974-1978  for  all  species  of  malaria  (Source:  SUCAM). 


Year 

Number 

of 

Slides  Examined 

Number 

of 

Positives 

Percent 

Positive 

1974 

2264 

208 

9.18 

1975 

1205 

165 

13.69 

1976 

1774 

305 

17.19 

1977 

856 

73 

8.52 

1978 

1841 

145 

7.87 

Totals 

7940 

896 

11.28 
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slides  have  been  examined  with  a  total  of  90  positives  (7,8%),  43 
being  Plasmodium  falciparum  and  47  being  P_,  vivax.  The  age  distri¬ 
bution  of  these  perons  with  positive  smears  by  species  of  malaria 
is  given  in  Table  11. 

A  total  of  1014  serum  and  filter  paper  samples  have  been  tested 
from  this  population,  although  filter  paper  data  gave  sufficiently 
poor  results  to  not  be  included  in  the  analysis.  Of  all  sera  tested, 
91.64%  were  positive  for  antimalarial  IgG  and  30.54%  were  positive 
for  antimalaria  IgM.  The  age  distribution  of  persons  with  positive 
serologies  is  shown  in  Table  12.  The  low  incidence  of  malaria  anti¬ 
bodies,  notably  IgM,  in  the  younger  age  groups  is  of  interest  because 
of  the  high  rate  of  slide  positivity  in  these  same  groups.  .  One 
possible  explanation  that  has  been  considered  is  that  prompter  chlo- 
roquine  treatment  of  these  younger  individuals  due  to  a  more  severe 
clinical  course  and  earlier  appearance  of  fever  may  result  in  de¬ 
creased  antibody  production.  The  ubiquitous  availability  of  chlo- 
roquine  and  the  presumptive  treatment  of  all  fevers  with  this  drug 
lend  some  credibility  to  this  theory,  but  it  is  far  from  proven  at 
this  point  and  further  investigation  in  needed. 

Another  interesting  correlation  exists  between  spleen  rates  and 
the  serological  data.  Of  217  persons  with  a  palpable  spleen,  197 
(90.78%)  had  significant  levels  of  IgG  and  the  remaining  20  persons 
without  positive  serologies  w^re  all  less  than  20  years  of  age.  In 
the  remaining  group  of  112  persons  without  a  palpable  spleen,  101 
(90.18%)  had  positive  IgG  serologies  and  the  11  persons  with  nega¬ 
tive  serologies  were  again  all  under  20  years  of  age.  These  data 
indicate  that  serological  screening  for  the  presence  of  antimalarial 
IgG  is  a  better  measure  of  malaria  prevalence  than  spleen  surveys, 
certainly  in  persons  over  20  years  of  age.  It  should  also  be  noted 
that  there  was  a  much  weaker  correlation  between  spleen  rates  and 
the  presence  of  antimalarial  IgM.  Further  study  of  these  relation¬ 
ships  is  desirable. 

Table  13  presents  comparison  data  between  a  group  of  63  persons  who 
had  temporarily  migrated  into  the  interior  of  the  jungle  and  63 
perons  permanently  residing  on  the  river.  Based  on  antimalarial 
IgM  rates,  the  population  remaining  near  the  river  appear  to  have 
a  higher  incidence  of  disease  than  the  migrants,  implicating  areas 
nearer  the  river  as  being  more  active  sites  of  transmission.  Anti- 
malarial  IgG  rates  were  higher  in  the  migrant  population,  although 
not  markedly  so,  and  say  little  regarding  the  source  of  their 
previous  exposure,  the  interior  areas  versus  the  riverine  areas. 
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TABLE  11 


Age  distribution  of  malaria  slide  positivity  in  the  Ituxi  River 
population  by  species  of  malaria. 


Number  of  Positive  Slides 


Age  Group 

Plasmodium  falciparum 

Plasmodium 

0-4 

15 

20 

5-9 

10 

15 

10-14 

12 

6 

15-19 

4 

1 

20-24 

0 

1 

25-29 

1 

2 

30-34 

1 

2 

41-49 

0 

0 

>  50 

0 

0 

Totals 

43 

47 

I 


1496 


TABLE  12 


Percent  positivity  of  antimalarial  serologies  of  the  Ituxi  River 
population  by  age. 


Percent  Postive  Serologies 


ie  Group 

IgG 

JSM 

0-4 

81 

0 

5-9 

67 

4 

10-14 

87 

18 

15-19 

92 

21 

20-24 

100 

36 

25-29 

100 

53 

30-40 

97 

47 

41-49 

100 

33 

>  50 

95 

54 
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TABLE  13 


Comparison  of  antimalarial  seropositivity  between  a  group  of  migrants 
to  the  jungle  interior  and  a  non-migrant  riverine  population,  Ituxi 
River  study  area. 


Percent  Serological 

Positives 

Population 

IgG 

Migrants 

92.4 

26.4 

Non-migrants 

86.8 

37.7 

In  another  attempt  to  clarify  the  transmission  patterns  of  malaria 
within  this  area,  a  group  of  42  persons  who  travel  the  river  by  boat, 
but  who  do  not  live  in  the  study  region,  were  studied  serologically. 

Of  these,  a  total  of  27  (64.28%)  were  positive  for  IgG  and  13  (30.95%) 
were  positive  for  IgM.  Since  the  rate  of  positive  serologies  in 
this  group,  particularly  for  IgM,  does  not  differ  markedly  from 
that  of  the  resident  population,  the  impact  that  these  river  trav¬ 
elers  have  on  the  overall  transmission  patterns  of  malaria  is 
questionable.  However,  these  persons  may  play  an  important  role  in 
the  annual  reintroduction  of  P.  falciparum  into  the  study  area  after 
the  apparently  temporary  disapperance  of  this  parasite  during  the 
dry  season  of  certain  years.  This  contrasts  with  P_.  vivax  which 
occurs  at  reduced,  but  still  significant,  levels  throughout  the  dry 
season,  mainly  in  the  form  of  recrudescent  disease.  The  mobile 
populations  also  may  be  effective  carriers  of  malaria  between  family 
units  during  the  malaria  transmission  season. 

Further  analyses  of  presently  available  data  are  continuing  and  more 
field  studies  in  the  Ituxi  region  are  being  planned  for  FY80. 

4.  Immunological  studies  of  malaria  in  Amazonas,  Brazil! 

a.  Introduction:  The  program  in  malaria  immunology  was  established 
at  the  University  of  Brasilia  in  the  Center  of  Tropical  Medicine 
and  Nutrition  in  October,  1978.  Suitable  laboratory  space  was 
selected,  necessary  physical  modifications  were  made,  and  equipment 
was  installed  during  a  start-up  phase  of  approximately  four  and  one- 
half  months.  Since  that  time,  much  progress  has  been  made  toward  the 
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initial  goal  of  providing  full  laboratory  support  for  the  clinical 
and  epidemiological  studies  of  malaria  presently  being  conducted 
from  this  center.  Two  technicians  have  been  fully  trained  in  all 
of  the  techniques  utilized  in  the  routine  operation  of  the  labo¬ 
ratory  and  efficiently  assist  in  all  aspects  of  the  ongoing  research. 
The  malaria  serological  studies  and  the  necessary  support  activities 
of  this  operation  are  functioning  at  a  level  of  proficiency  to  allow 
expanded  efforts  in  the  areas  of  drug  susceptibility  testing  and  the 
study  of  the  in  vitro  cultivation  characteristics  of  local  strains 
of  P.  falciparum  as  they  are  obtained  from  the  various  study  areas. 

b.  Objectives:  The  objectives  of  the  malaria  immunology  program 
are  to  perform: 

1)  malaria  serological  testing! 

2)  drug  susceptibility  testing  of  Brazilian  strains  of  JP. 
falciparum. 

3)  collection,  cryopreservation,  and  storage  in  stabilate 
form  of  strains  of  P.  falciparum  to  provide  material  for  ongoing 
studies  and  to  serve  as  a  reference  In  monitoring  future  patterns 
of  drug  susceptibility  in  the  Amazon  region  of  Brazil; 

4)  laboratory  support  of  ongoing  studies  of  patients  with 
tropical  splenomegaly  syndrome  from  the  Ituxi  study  region;  and 

5)  other  tests,  such  as  the  species-specific  indirect 
fluorescent  antibody  test,  to  study  the  immunologic  characteristics 
of  malaria  in  Brazil  as  logistical  capability  permits. 

c.  Methods:  Methods  used  to  accomplish  these  objectives  are: 

1 )  maintenance  of  a  constant  and  dependable  source  of  malaria 
antigen  by  the  on-site  in  vitro  cultivation  of  P_.  falciparum  (2,3) 
using  blood  components  locally  available  from  the  teaching  hospital 
in  Sobradinho,  DF,  Brazil; 

2)  routine  use  of  the  indirect  fluorescent  antibody  test 
(IFAT)  as  the  standard  serologic  test  for  determining  levels  of 
antimalarial  antibodies  (4)  using  commercial  anti-IgG  and  anti-IgM 
fluorecein- label  led  globulins; 

3)  use  of  the  in  vitro  technique  of  chloroquine  susceptibi¬ 
lity  testing  (5)  to  study  the  drug  resistance  patterns  of  local 
strains  of  P.  falciparum. 

4)  development  of  the  species-specific  malaria  IFAT  (6) 
using  locally  obtained  f\  vivax  antigen  from  patients  infected  with 
this  organism  as  logistical  capabilities  permit;  and 
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5)  quantitative  determination  of  IgM  levels,  particularly 
in  patients  with  tropical  splenomegaly  syndrome,  by  the  radial 
immunodiffusion  assay  system  (7)  using  commercially-acquired  kits, 

d.  Progress:  In  February,  1979,  the  in  vitro  cultivation  of  P. 
falciparum  (Strain  Cbl,  Department  of  Immunology,  Walter  Reed 
Army  Institute  of  Research)  was  initiated  using  the  tissue  culture 
flask/mixed  gas  system.  This  strain  has  demonstrated  excellent 
growth  characteristics  and,  until  recently,  has  served  as  the 
standard  laboratory  strain  for  antigen  production.  The  cultivation 
has  been  interrupted  voluntarily  on  various  occasions  by  cryopreser- 
vation  of  the  stock  material  and  then  restarted  by  deglycerinization 
as  the  need  for  antigen  to  prepare  slides  for  the  IFAT  has  dictated. 

The  candle  jar  culture  system  using  either  standard  Petri  dishes  or 
96-well  microtiter  plates  has  been  incorporated  with  excellent 
technical  results,  and  in  many  ways  is  preferred  over  the  flask 
system  because  of  its  greater  simplicity,  economy,  and  the  facility 
of  medium  changes. 

On  25  July  1979,  at  a  field  site  on  the  Ituxi  River,  one  strain  of 
£.  falciparum  from  an  untreated  patient  was  cryopreserved.  A  total 
of  7  NUNC  tubes  of  stabilate  was  prepared  in  the  field  and  2  of  these 
were  used  to  inoculate  4  flasks  of  medium  1 640-HEPES/l 0%  fresh  frozen 
plasma  and  fresh,  washed  erythrocytes  on  4  September  1979.  (Unforeseen 
problems  encountered  in  scheduling  air  transportation  of  the  liquid 
nitrogen  cannister  back  to  Brasilia  account  for  the  delay  between 
time  of  collection  of  this  strain  and  subsequent  cultivation  attempts). 
Active  parasite  growth  occurred  in  these  initial  cultures  and  the 
strain  continues  to  thrive  in  continuous  cultivation.  It  has 
presently  been  maintained  for  more  than  one  month  in  this  system. 

High  parasitemias  are  obtained  easily  and  two  lots  of  antigen  slides 
have  already  been  produced,  as  well  as  additional  organisms  for 
cryopreservation.  It  has  also  been  placed  into  the  candle  jar  system 
and  studies  of  its  in  vitro  growth  characteristics  are  in  progress. 

Initial  observations  indicate  that  this  strain  exhibits  a  rate  of 
growth  in  culture  similar  to  or  slightly  higher  than  strain  Cbl.  The 
new  strain  has  been  given  the  name  "Ituxi  084",  after  the  location 
in  which  it  was  collected  and  the  computer  card  number  of  the  patient. 
The  cultivation  of  this  strain  provides  a  preliminary  indication 
that  many  such  strains  may  be  adapted  to  the  continuous  culture 
system  to  allow  in  depth  investigation  of  their  drug  susceptibility 
patterns.  This  strain  is  presently  being  studied  in  the  in  vitro 
chloroquine  susceptibility  test  system  and  useful  data  will  be  avail¬ 
able  in  the  near  future  pertaining  to  its  pattern  of  drug  response. 

The  technical  capability  to  perform  in  vitro  drug  susceptibility 
testing  in  the  field  presently  exists.  On  the  field  trip  earlier 
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in  CY  1979,  virtual  cessation  of  P.  falciparum  transmission  due  to 
an  unseasonably  severe  dry  season  precluded  the  large  scale  imple¬ 
mentation  of  this  test,  however.  Additional  field  trips  later  in 
CY  79  to  a  study  area  near  Manaus  and  early  in  CY  1980  to  Ituxi  are 
planned  with  the  expressed  objectives  of  performing  field  drug 
testing  and  collecting  additional  strains  for  laboratory  cultivation 
and  study.  These  studies  should  provide  much  objective  data  regarding 
the  current  prevalence  of  chloroquine-resistant  £_.  falciparum  in 
several  fairly  representative  areas  of  the  Brazilian  Amazon  basin. 

Since  March,  1979,  the  IFAT  has  been  in  full,  routine  operation  to 
support  the  ongoing  epidemiological  studies  of  malaria  from  this 
center.  Depending  on  the  number  of  designated  readers,  48  or  96 
tests  have  been  performed  on  a  daily  basis  since  the  initial  stan¬ 
dardization  of  this  procedure.  Excellent  technical  results  are 
being  obtained  from  the  commercially-acquired  antiglobulins  and  the 
P.  falciparum  antigen  cultivated  here  in  the  laboratory. 

In  addition  to  the  routine  serological  determinations,  the  prelimi¬ 
nary  results  of  which  were  presented  above,  a  study  was  conducted 
to  evaluate  the  applicability  of  the  filter  paper  method  of  collec¬ 
ting  blood  for  subsequent  serological  testing.  The  study  material 
consisted  of  one  group  of  sera  and  two  groups  of  filter  paper  specimens 
obtained  simultaneously  from  the  same  patients.  The  sera  and  one 
group  of  filter  papers  were  stored  at  -  20°C  from  the  time  of  col¬ 
lection  to  time  of  testing,  while  the  second  group  of  filter  papers 
was  stored  at  room  temperature  for  this  same  period.  Approximately 
two  months  elapsed  between  time  of  collection  and  subsequent  testing 
in  the  IFAT  system.  The  resultant  data  (Table  14)  indicate  that 
neither  group  of  filter  paper  specimens  compared  favorably  to  the 
serum  samples  in  demonstrating  the  presence  of  antimalarial  antibody, 
either  IgG  or  IgM.  These  data,  in  addition  to  similar  findings 
obtained  from  other  filter  paper  specimens  from  the  Ituxi  popu¬ 
lation,  indicate  that  this  method  of  sample  collection  is  almost, 
certainly  producing  many  false  negative  results  and  will  not  be 
used  on  a  routine  basis  in  further  serological  studies  of  malaria 
on  the  Ituxi  River. 

Preliminary  studies  are  proceeding  with  the  radial  immunodiffusion 
assay  of  IgM  antibody  levels  in  a  small  group  of  tropical  splenome¬ 
galy  patients  from  the  Ituxi  study  area.  Initial  data  (Table  15) 
indicate  that  high  levels  of  circulating  IgM  are  present  in  these 
patients.  The  titers  of  malarial  antibodies,  also  presented  in 
Table  15,  confirm  that  at  least  a  portion  of  this  circulating  IgM 
is  specific  for  malaria,  although  as  has  been  earlier  observed  in 
this  syndrome  (8),  other  types  of  IgM  appear  to  occur  in  significant 
quantities  in  these  patients.  Further  investigation  of  these 
relationships  is  proceeding. 
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TABLE  14 


Malarial  antibody  positivity  rates  in  a  controlled  study  of  serum 
and  filter  paper  specimens  simultaneously  collected  from  the  same 
individuals,  Ituxi  River  study  area. 


Percent  Positive 

Sample 

IgG 

IgM 

Serum  (-20°C  storage)  ’ 

100 

25.5 

Filter  papers  (-20°C  storage) 

72.3 

6.3 

Filter  papers  (Ambient 
temperature  storage) 

27.6 

0 

TABLE  15 

Antimalarial  IgG  and  IgM  titers  by  the  immunofluorescent  antibody 
test  and  total  circulating  IgM  levels  by  radial  immunodiffusion 
assay  in  four  tropical  splenomegaly  patients,  Ituxi  River  study 
population. 


Malarial 

antibody  titers 

Level  of  total  circulating  IgM 

Patient 

IgG 

IgM 

(mg/d1! ) 

M.  S.  0. 

1:1280 

1:80 

460 

M.  V.  P. 

1:320 

1:80 

665 

F.  S.  0. 

1:1280 

1:320 

2300 

C.  S.  0. 

1:5120 

1:1280 

2300 
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5.  Entomological  Studies  on  Malaria  in  Amazonas,  Brazil. 


a.  Introduction:  The  Amazon  Basin  is  classified  as  "refractory" 
to  malaria  control  efforts.  This  classification  is  based  on  the 
persistance  of  malaria  transmission  in  spite  of  the  control  program. 
The  success  of  the  program  rests  on  controlling  the  vector  popula¬ 
tions  by  house  spraying  with  DDT.  Obviously,  "refractoriness" 
indicates  that  due  to  some  condition  or  complex  of  condi tons  the 
treatment  of  houses  with  DDT  does  not  interdict  malaria  transmission 
as  expected.  As  part  of  an  integrated  approach  to  define  the  caus¬ 
ative  factors  for  continued  malaria  transmission,  emphasis  in  the 
vector  studies  has  been  to  establish  the  broad  parameters  of  vector 
behavior  that  have  direct  impact  on  the  effectiveness  of  house 
spraying  with  DDT.  Our  field  work  along  the  Ituxi  River  brought 

us  in  contact  with  another  entomological  phenomenon  that  might 
influence  the  effectiveness  of  malaria  vector  control  efforts.  This 
occurs  in  the  form  of  a  male  bee  that  seems  to  actively  remove  DDT 
from  treated  houses.  Preliminary  observations  have  been  made  on 
these  bees;  thus,  the  results  of  our  entomological  investigations 
will  be  presented  in  two  separate  categories  as  1)  the  ecology  and 
populations  dynamics  of  malaria  vectors  and  2)  the  role  of  euglossine 
bees  in  the  removal  of  DDT  from  sprayed  houses. 

b.  The  Ecology  and  Population  Dynamics  of  Malaria  Vectors. 

1)  Objective:  To  describe  the  behavioral,  morphological  and  physio¬ 
logical  characteristics  of  the  malaria  vectors  in  Brazil,  with  special 
emphasis  on  Anopheles  darlingi  Root. 

2)  Background: 

The  definitive  research  efforts  on  malaria  in  the  Amazon  region  were 
conducted  from  1930-1950  (9,  10,  11,  12,  13).  Results  from  these 
studies  revealed  the  principal  vector  in  the  Amazon  interior  to  be 
Anopheles  darlingi  Root.  Secondary  vectors  were  found  to  be  An. 
(Nyssorhynchus)  albi tarsi s  Lynch  Arribalzaga  and  perhaps  An.  iNy. ) 
brasiliensis  (Chagas). ~  The  major  vector  is  generally  considered 
to  be  a  riverine  mosquito  and  most  studies  in  the  epidemiology  of 
malaria  have  been  conducted  in  riverine  semi -urban  hatitats. 

Anopheles  darlingi  is  the  most  important  vector  of  malaria  in  South 
America  (1 47  15).  Because  this  species  prefers  sunlight,  its  greatest 
density  is  along  major  river  valleys,  and  it  proliferates  wherever 
human  activities  result  in  the  removal  of  shade-producing  forest. 

An.  darlingi  is  also  strongly  attracted  to  man  and  rests  indoors 
TT4,  16).  It  seems  that  An.  darlingi  are  still  physiologically 
susceptible  to  DDT  and  only  recently  has  behavioral  resistance  to 


1503 


DDT  been  reported  (17).  Unfortunately,  no  supportive  data  have  been 
presented  to 'quantify  that  observation, 

In  forest  areas  away  from  rivers,  other  species  may  transmit  malaria 
secondarily  (18).  These  species  are  shade  tolerant  and  commonly 
bite  and  rest  outdoors  (14).  Control  by  the  application  of  residual 
insecticides  to  the  interior  walls  of  dwellings  is  therefore  of 
limited  value.  Species  which  have  been  incriminated  as  secondary 
vectors  in  northeastern  South  America  include  Anopheles  nuneztovari , 
An.  triannulatus,  An.  oswaldoi ,  An.  brasiliensi's,  An.  niediopunctatus, 
An.  albi tarsi s,  An .  bellator.  An .  cruzi ,  and  An.  homunculus  (14,  16). 
However,  the  exact  role  of  secondary  vectors  in  the  maintenance  of 
malaria  has  not  been  clarified. 

Anopheles  nuneztovari  is  probably  a  complex  comprising  at  least  two 
species  in  northern  Brazil,  with  some  of  the  species  being  malaria 
vectors,  others  not  (19,  20).  There  are  undoubtedly  other  groups 
of  sibling  species  among  anopheline  species  in  Brazil  that  are  malaria 
vectors,  e.£. ,  An.  oswaldoi .  In  many  instances,  resolution  of  the 
morphological  forms  and  geographical  strains  of  anophelines  trans¬ 
mitting  malaria  can  be  accomplished  only  after  the  study  of  a  series 
of  individually  reared  specimens  from  many  geographic  areas,  and  in 
some  cases,  only  after  the  comparative  study  of  chromosome  morpho¬ 
logy  (15). 

3)  Methods: 

An  entomological  survey  of  the  peri  domiciliary  environments  along 
the  Ituxi  River  was  conducted  in  July  and  August  1979  (Fig.  1). 

The  survey  consisted  of  conducting  human  bait  collection  near  or  in 
houses  at  sunset  and  of  opportunistically  dipping  for  larvae  in 
various  types  of  water.  In  the  latter  part  of  this  trip  a  sequence 
of  3  all  night  biting  collections  were  conducted  at  Floresta  (Fig. 

1).  Collections  were  conducted  for  30  min  each  hour  with  one  team 
of  collectors  (2  men  per  team)  in  a  house  open  on  three  sides  while 
another  team  collected  in  an  open  area  about  20  m  from  the  house. 

Each  hour  the  teams  were  rotated  between  sites  and  the  third  night 
the  team  members  were  changed.  In  addition,  2  tests  for  physiolo¬ 
gical  resistance  of  An.  darlingi  to  DDT  were  conducted.  Test  spec¬ 
imens  were  wild  caugAt  females  from  human  bait  collections.  Prior 
to  setting  up  each  test  the  females  were  observed  for  3-4  hours 
to  identify  and  remove  any  damaged  specimens.  Females  were  not 
given  sugar  water;  but  were  furnished  with  pads  soaked  in  plain 
water  following  a  1  hr  exposure  to  DDT  treated  papers.  The  world 
Health  Organization  test  kit  and  test  procedures  were  employed  to 
conduct  these  tests  (21), 
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Results  from  the  above  studies  emphasized  the  need  for  an  experi¬ 
mental  house  for  more  detailed  studies  on  the  behavior  of  darlingi 
populations.  House  construction  at  Floresta  was  initiated  in 
October  1978  and  completed  in  January  1979.  The  house  was  construc¬ 
ted  with  1)  a  palm  thatch  roof,  2)  walls  constructed  of  palm  slats, 
and  3)  one  small  room  with  a  wood  plank  floor  and  another  of  palm 
slats.  The  wood  plank  floor  provided  the  necessary  stability  for 
work  with  a  microscope,  etc.  All  windows  (8  in  total)  were  of 
equal  size  so  entrance  and  exit  traps  would  be  interchangeable. 

The  house  was  wired  for  electricity  provided  by  a  3  KVA  generator. 

The  first  series  of  detailed  studies  was  conducted  in  February  - 
March  1979,  and  follow-up  observations  were  made  in  May  -  June  1979. 

The  following  study  methods  were  employed: 

a)  Paired,  outdoor-indoor  human  bait  collections  were  conduc¬ 
ted  in  a  uniform  manner  throughout  the  night  and  day  to  determine  the 
indoor-outdoor  patterns  of  biting  activity.  Collections  were  conduc¬ 
ted  15  min/hr  by  one  person  at  each  site.  Collectors  were  continually 
rotated  between  collecting  sites  and  teams  were  switched  every  6  hours. 
Furthermore,  teams  were  rotated  between  shifts  every  night.  The  all 
night  collections  were  conducted  simultaneously  with  the  entrance- 
exit  trap  collections.  Two  series  of  collections  throughout  the  day 
were  conducted.  Data  will  be  reported  from  series  conducted  24  -  27 
February  1979  and  31  May  -  7  June  1979.  Temperature  and  humididy, 

was  recorded  every  6  hours  for  the  first  series  and  at  hourly  inter¬ 
vals  for  the  May-June  investigations. 

b)  Entrance  and  exit  traps  placed  in  windows  were  collected 
at  2  hr  intervals  throughout  the  night  (1800-2000,  2000-2200,  etc). 

Each  trap  had  a  sleeved  opening  for  removing  captured  specimens 
with  a  mechanical  aspirator.  A  Safari  Fluorescent  lamp  was  used 
to  illuminate  the  trap  interior  after  the  entry  portal  to  the  trap 
was  closed  with  towels.  We  began  closing  the  traps  after  we  observed 
blood  engorged  $  $  darlingi  actively  entering  traps  in  response  to 
the  bright  fluorescent  light,  i,.e. ,  they  demonstrated  a  positive 
phototaxis.  All  specimens  were  identified  and  individuals  from  exit 
traps  were  examined  for  age  grading  of  blood  meals  according  to 
Sella' s  scheme  for  stages  of  blood  meal  digestion  and  ovarian  deve¬ 
lopment  (22). 

c)  Sella's  method  for  evaluating  the  stages  of  blood  meal 
digestion  and  ovarian  development  was  employed  with  specimens  caught 
in  exit  traps  to  determine  elapsed  time  after  engorgement.  A  study 
was  conducted  in  February  1979  to  evaluate  Sella's  criteria  with  An. 
darlingi  at  in-house  temperatures.  This  study  was  conducted  by 
holding  individual  engorged  females  for  variable  periods  of  time; 
they  were  then  killed  and  inspected  for  concordance  with  one  of  the 
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stages  proposed  by  Sella.  A  total  of  100  females,  engorged  on 
human  blood,  were  included  in  this  study. 

d)  Blood-engorged  An.  darlingi  were  collected  in  the  peri  do¬ 
miciliary  environment  during  the  early  evening,  marked  with  USR 
fluorescent  pigment  1953  and  released  in  the  house  at  2200.  Marking 
was  accomplished  by  blowing  the  powder  into  a  small  holding  cage 
containing  the  specimens.  Periodic  observations  with  a  Black-Ray, 
ULV.56,  long  wave  ultra-violet  lamp  were  made  following  release  to 
determine  the  preferred  resting  site  of  blood-fed  specimens.  These 
studies  were  conducted  on  2  separate  occasions  (22  and  28  February 
1979)  and  100  specimens  were  marked  for  each  study. 

e)  Two  tests  were  conducted  to  determine  the  preferred  resting 
sites  of  unfed  specimens  and  the  time  of  feeding  during  the  night. 
Specimens  were  collected  from  the  entrance  traps,  during  the  1800- 
2000  hour  interval,  marked  and  then  released  within  the  house  at 
2040  hr.  All  specimens  caught  in  the  subsequent  hourly  human  bait 
collections  were  inspected  for  the  presence  of  marked  specimens. 

f)  A  series  of  resting  collections  were  conducted  28  February- 
1  March  1979.  Three  separate  collections  were  conducted  for  5  min¬ 
utes  simultaneously  inside  the  house,  from  the  external  walls  and 
from  vegetation  near  the  house.  Two  series  were  conducted  in  the 
evening  at  half  hour  intervals  from  1830  to  2105  hr.  and  one  series 
in  the  early  morning  from  0540-0715.  Resting  adults  were  captured 
with  a  mechanical  aspirator. 

g)  Studies  were  undertaken  on  the  distribution  of  host-seeking 
An.  darlingi  populations  by  distance  from  the  peridomiciliary  envi¬ 
ronments.  A  single  collector  was  stationed  at  each  of  3  sites:  one 
>  10  m  from  the  house,  another  at  20  m  and  the  3rd  at  40  m  from  the 
house.  Collections  were  conducted  simultaneously  for  15  min  each 
from  1750  to  2005  on  3  and  4  June  1979. 

4)  Progress: 

Anopheles  darlingi  were  consistently  present  in  the  peridomiciliary 
habitats  along  the  Ituxi  and  Uaquire  River  systems.  This  species 
was  also  found  aiong  the  lower  reaches  of  the  Endimari  River.  The 
entire  River  network  is  sparsely  populated  with  single  family 
dwellings  that  commonly  have  associated  populations  of  An.  darlingi  . 

Data  from  the  insecticide  resistance  tests  are  presented  in  Table 
16.  The  LCgQ,  estimated  on  log  probit  graph  paper,  with  combined 
data  from  2  tests,  is  0.72%  DDT  and  clearly  within  the  susceptible 
range. 
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TABLE  16 


Result  from  2  tests  for  physiological  resistance  to  DDT  of  $  9 
Anopheles  darlingi  Root.  Females  were  caught  in  human  bait  collec¬ 
tions  from  1830-2030  hr  at  Floresta,  Ituxi  River,  Amazonas,  Brazil. 
Vests  were  initiated  at  2300  hr  on  the  night  of  collecting  the  test 
specimens. 


Number  Number 

Test  No.  %  DDT  tested  moribund  or  dead 


0.0 

40 

5 

0.5 

40 

17 

1.0 

36 

28 

2.0 

39 

36 

4.0 

38 

38 

0.0 

30 

4 

0.5 

39 

22 

1.0 

24 

12 

2.0 

42 

39 

4.0 

41 

41 

** 


Test  performed  13-14  July  1978. 
Test  conducted  1-2  August  1978. 
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A  bimodal  pattern  of  biting  activity  was  documented  for  An.  darlingi 
both  inside  and  outside  of  a  non-enclosed  house  at  Floresta  in  August 
1978.  Peak  activity  was  during,  and  immediately  after,  sunset  and  at 
sunrise  (Fig.  2).  It  is  significant  that  no  marked  differences  were 
found  in  the  activity  cycles  of  darlingi  in'  the  house  and  in  an  open 
area  near  the  house. 

Two  separate  series  of  studies  on  activity  patterns  in  a  house  with 
complete  walls  were  conducted.  Uniform  methods  were  applied  during 
both;  thus,  findings  are  presented  as  combined  results  with  reference 
to  the  separate  series  as  study  1  (February  -  March  1979)  and  study 
2  (May  -  June  1979).  Weather  conditions  were  different  for  studies 
1  and  2  with  temperature  range  limits  of  24-31 °C  recorded  for  study 

1  and  16-30°C  for  study  2. 

A  bimodal  pattern  of  biting  activity  in  the  peri  domiciliary  environ¬ 
ment  (within  10  m  of  the  house)  was  documented  in  the  August  1978 
series  of  human  bait  collections  and  in  studies  1  and  2  in  1979 
(Figs.  2,  3  and  4).  Peak  activity  occurred  during,  and  preceeding, 
sunset  with  a  secondary  peak  at  sunrise  (at  approximately  0600). 

The  secondary  peak  was  not  well  expressed  in  the  study  2  collections. 

These  activity  patterns  were  compared  by  calculating  cumulative  per 
cent  distributions  for  each  and  testing  in  the  Kolmogorov-Smirnov 
two  sample  test  (23).  No  significant  differences  were  detected  in 
these  analyses. 

Human  bait  collections  were  conducted  inside  the  experimental  house, 
during  studies  1  and  2,  to  determine  the  pattern  of  activity  within 
a  completely  enclosed  house.  Collections  in  study  1  revealed  a  sharp 
increase  in  activity  after  sunset  with  more  or  less  continuous  ac¬ 
tivity  throughout  the  night.  There  was  no  detectable  peak  in  activ¬ 
ity  at  sunset  or  sunrise.  The  minimum  temperature  recorded  during 
these  collections  was  24°C. 

In-house  biting  activity  during  study  2  was  most  intense  at,  and  3  h 
following,  sunset.  After  2147  the  activity  dropped  and  remained  low 
the  rest  of  the  night.  A  comparison  of  results  from  studies  1  and 

2  with  the  Kolmogorov-Smirnov  two  sample  test  revealed  significant 
difference  (p  <  0.01)  between  the  2  activity  patterns. 

It  is  reasonable  to  explain  deviations  form  expected  activity  patterns 
by  notable  differences  in  study  conditions.  Therefore,  we  hypoth¬ 
esized  that  low  temperatures  suppressed  host-seeking  activity  of  An. 
darlingi  during  study  2.  We  tested  this  hypothesis  by  anlyzing 
sequential  collections  for  2  activity  intervals  with  the  Kendall 
Rank  Correlations  and  Kendall  Partial  Rank  Correlation  Coefficients 
(23).  Data  available  for  analysis  consisted  of  numbers  collected 
per  collection,  time  of  collection  and  temperature  at  the  time  of 

-  % 
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Figure  2.  Numbers  of  Anopheles  darlingi  Root  from  3  nights  of  human 
bait  collections  at  Floresta,  Ituxi  River,  Amazonas,  Brazil  in  August 
1978.  Collections  conducted  by  2  collectors  for  30  min.  each  hour 

(o _ p  inside  of  a  house  with  one  wall  only;  * _ *  open  area 

near  the  house). 
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Figure  3.  Numbers  of  Anopheles  darlingi  Root  from  3  nights  of 
human  bait  collections  at  Floresta,  Ituxi  River,  Amazonas,  Brazil 
in  February  1979.  Collections  conducted  by  1  collector  each  in  the 
house  and  within  10  m  of  the  house  for  15  min.  each  hour  (plotted 
by  midpoint  of  collection  intervals). 


AVERAGE  NUMBER  PER  15  MIN  COLLECTION 


1647  1847  2047  2247  0047  0247  0447  0647 


TIME 

jure  4.  Numbers  of  Anopheles,  darllngj  Root  from  3  nights  of  human 
it  collections  at  Floresta,  Ituxi  River,  Amazonas,  Brazil,  31  May 
June  79.  Collections  conducted  by  1  collector  each  in 
i  within  10  m  of  the  house  for  15  min.  each  hour  (plotted  by 
dpoint  of  collection  intervals). 


TEMPERATURE 


each  collection.  Objectives  of  this  test  procedure  were  to  determine 
the  relative  contributions  of  collection  time  and  temperature  to 
numbers  collected.  The  problem  of  endogenous  activity  rhythm  influ¬ 
ence  on  numbers  collected  by  chronological  time  was  minimized  by 
testing  3  nights  of  sequential  data  from  defined  activity  intervals. 
Our  cumulative  data  revealed  4  activity  intervals  for  An.  darlingi 
in  the  peridomiciliary  environment,  viz. ,  very  low  activity  during 
the  day,  peak  activity  for  about  3  hr  during  and  after  sunset,  mod¬ 
erate  to  low  activity  during  the  2200  -  0530  interval  and  a  secondary 
peak  of  intense  activity  for  <  30  min.  at  sunrise  (0600  +  10  min). 
Therefore,  separate  tests  were  conducted  on  all  collections  from 
the  2  intervals,  1835  -  2055  and  2345  to  0500.  Admittedly,  the  in- 
house  activity  patterns  from  study  1  did  not  reveal  the  4  activity 
intervals  as  described.  However,  we  believe  data  from  outside 
biting  collections  reflect  actual  endogenuous  rhythms  and  that  the 
process  of  seeking  and  gaining  entry  into  the  house  from  1800  - 
2200  hrs  (Fig.  6)  is  another  expression  of  peak  activity  at  sunset. 

It  seems  likely  that  the  continuous  biting  activity  within  the  house 
results  from  the  population  responding  to  a  different  set  of  feeding 
"cues"  than  populations  feeding  outside  the  house. 

The  mechanics  of  the  test  procedure  consisted  of  calculating  separate 
Kendall  Rank  Correlation  Coefficients  for  numbers  collected  vs  tem¬ 
perature,  numbers  collected  vs  time  and  temperature  vs  time  for  data 
from  both  activity  intervals.  Tests  of  significance  were  performed 
on  the  r  values  at  the  0.01  level  of  probability.  The  r  values  were 
then  employed  in  the  Kendall  Partial  Rank  Correlation  Coefficient 
to  parcel  out  the  time  and  time-temperature  effects.  No  tests  of 
significance  are  available  for  the  resultant  rxy.z  values.  Results 
of  data  analysis  from  both  activity  intervals  are  presented  below. 

High  roe  values  for  numbers  collected  with  different  temperatures 
indicate  that  temperature  was  the  main  determinant  for  number  collec¬ 
ted  within  the  activity  intervals. 

Systematic  collections  outside  the  house  were  initiated  during 
study  2,  3-7  June  1979,  to  characterize  the  level  of  biting  activity 
during  the  day  and  to  document  the  crepuscular  peaks  in  biting 
activity  with  warmer  ambient  temperatures .  The  frequency  of  human 
bait  collections  were  increased  during  the  early  morning  and 
evening  to  more  precisely  document  periods  of  peak  activity.  We 
verified  the  previously  reported  observation  that  the  morning  peak 
is  intense  and  of  short  duration  (Fig.  5).  Also  the  early  evening 
peak  was  duplicated  in  these  series  of  collections.  Data  from 
collections  conducted  throughout  the  day  demonstrated  the  absence 
of  biting  activity  only  in  the  early  afternoon. 

Results  from  entrance  and  exit  trapping  of  darlingi  during  studies 
1  and  2  demonstrated  a  surge  of  numbers  entering  the  house  from 


Figure  5.  Numbers  of  Anopheles  darlingi  Root  from  2  days  of  human 
bait  collections  at  Floresta,  Ituxi  River,  Amazonas,  Brazil  in  June 
1979.  All  collections  were  conducted  by  1  collector  within  10  m  of 
the  house  for  15  min  each  (plotted  by  time  intervals). 

a 

Value  based  on  a  single  15  min  collection, 
b 

Average  from  3  collections, 
c 

Average  from  4  collections, 
d 

Average  from  5  collections. 
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Analysis  of  data  from  two  activity  intervals. 


Activity 

Interval  Variables 

(time) _ 


r  r 

xy.z 


r  =  Number  Collected  vs.  Temperature 
1835-  rX2  =  Number  Collected  vs,  Time 

2055  r  =  Temperature  vs.  Time 


0.70 

0.04 

0.01 


Kendall  Partial  Rank  Correlation  Coefficient 


0.70 


r  =  Number  Collected  vs.  Temperature  0.64 

2345-  r  =  Number  Collected  vs.  Time  0.41 

y  7  ^ 

0500  rzy  =  Temperature  vs.  Time  0.53 


Kendall  Partial  Rank  Correlation  Coefficient  = 


0.55 


* 

Significant  at  0.01  level  of  probability  (p  <  0.0027). 

** 

Significant  at  0.01  level  of  probability  (p  <  0.0007). 


1800-2200  hours  (Figs.  6  and  7),  Exodus  from  the  house  did  not 
begin  until  0400  hours.  Again,  there  were  marked  differences  in  the 
study  1  and  study  2  collections  results.  The  entrance  of  females 
peaked  earlier  (1800-2000)  and  was  of  short  duration  in  studv  2;  in 
addition,  movement  out  of  the  house  started  later  (0600-0800)  and 
continued  through  mid-  to  late-morning.  These  differences  are  perhaps 
another  expression  of  the  temperature  influence  on  the  activity  of 
darlingi  populations. 

Based  on  data  presented  in  Figures  6  and  7  it  seems  that  darlingi 
enter  the  house  in  the  evening,  with  peak  activity  between  1800 
and  2200,  remain  in  the  house  until  sunrise  and  exit.  Data  from 
both  studies  indicate  that  very  few  specimens  remain  inside  the  house 
during  the  day  and  rarely  did  gravid  females  appear  in  the  exit 
traps.  The  preponderance  of  late  fed  specimens  in  exit  traps  at 
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Fiqure  6.  Numbers  of  Anopheles  darlingi  Root  from  trapping  with  3 
entrance  and  3  exit  traps  at  Floresta,  Ituxi  River,  Amazonas,  Brazil 

in  February  1979. 
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Figure  7.  Numbers  of  Anopheles  darlingi  Root  from  trapping  with  3 
entrance  and  3  exit  traps  at  Floresta,  Ituxi  River,  Amazonas,  Brazil, 
31  May  -  3  June  1979. 
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sunrise  in  study  1  is  compatible  with  a  continuous  pattern  of 
biting  activity  throughout  the  night  (Fig.  3).  Whereas,  the  greater 
number  of  Sella  2  specimens,  recorded  in  exit  traps  during  study  2, 
results  from  the  early  evening  peak  in  biting  activity  (Fig.  4). 

Observations  on  the  rate  of  blood  digestion  and  ovarian  development 
in  100  female  An.  darlingi  were  conducted  during  the  study  in  Feb¬ 
ruary,  1979.  The  study  specimens  were  maintained  at  ambient  temper¬ 
atures  in  the  experimental  house,  All  early  fed  females  were  clumped 
in  the  1-5  hr.  interval  (Table  17).  Specimens  classified  as  late  fed 
were  found  in  both  the  1-5  and  6-10  hr  intervals;  Sella  2  individuals 
were  clumped  in  the  6-10  hr  intervals  and  the  majority  (79%)  of  Sella 
3  specimens  were  in  the  11-20  hr  interval.  Since  more  Sella  3  spec¬ 
imens  were  in  6-10  hr  interval  than  in  21-30  hr  interval,  it  seems 
likely  that  most  specimens  attain  this  stage  during  the  first  part 
of  the  11-20  hr  interval. 

Engorged  An.  darlingi ,  marked  with  fluorescent  powder,  were  released 
inside  the  experimental  house  on  2  separate  occasions  during  study 
1  to  determine  their  preferred  resting  sites.  Periodic  searches  for 
marked  specimens  were  made  throughout  the  night.  Although  total 
numbers  progressively  declined  with  time  after  release,  the  majority 
of  engorged  darlingi  were  consistently  found  resting  on  the  ceiling 
(Table  18).  A  search  made  outside  the  house  prior  to  sunrise, 
revealed  no  particular  preference  for  resting  sites. 

When  unengorged  specimens  from  exit  trap  collections  were  marked  and 
released  during  study  number  2,  we  again  observed  a  preference  for 
darlingi  to  rest  on  the  ceiling  (Table  19).  This  preference  was 
particularly  marked  during  the  first  1.5  hours  after  release.  There 
was  a  more  equal  distribution  of  numbers  resting  on  the  walls  and 
ceiling  later  in  the  night.  Again,  we  do  not  know  if  low  temperatures 
recorded  during  study  2  influenced  their  selection  of  resting  sites. 

In  addition  to  making  observations  on  resting  sites  of  marked, 
unengorged  specimens  released  during  study  2,  we  also  tabulated 
numbers  of  marked  specimens  collected  in  exit  traps  (Table  20)  and 
numbers  collected  in  the  hourly  15  min.  human  bait  collections 
(Table  19  and  Fig.  8).  More  than  50%  of  marked  individuals 
collected  from  human  bait  were  obtained  during  the  first  3  hr 
after  release  (Fig.  8).  In  contrast,  only  2  of  11 
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TABLE  17 


Observations  on  the  rate  of  blood  digestion  and  ovarian  development 
in  $  $  Anopheles  darlingi  Root,  at  in-door  temperatures  and  humid¬ 
ities*.  Observations  made  with  wild  caught  females  on  the  Ituxi 
River,  Amazonas,  Brazil  in  February-March  1979. 


* 


Temperature  range  limits  were  24°  -  3°C. 
Relative  humidity  range  limits  were  80  -  100%. 
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Numbers  of  marked*  $  $ 
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on  100  specimens  released  28  February,  1979. 


TABLE  19 


Number  of  marked  9  9  Anopheles  darlingi  Root  observed  by  resting 
site  at  intervals  throughout  the  night  in  an  experimental  house 
located  at  Floresta  on  the  Ituxi  River,  Amazonas,  Brazil.  A  total 
of  81  and  82  marked,  unfed  specimens  were  released  1  and  2  June  1979, 
respectively. 


Hours  after 
release 

Number  resting  by 

site  within  the  house 

Totals 

Floor 

Walls 

Rafters 

5 

mm 

7 

28 

54 

1.0D 

0 

4 

27 

41 

1.5a 

0 

3 

25 

38 

X 

1.7 

11.3 

4.7 

26.7 

44.3 

4.5a 

0 

14 

0 

13 

27 

5.0b 

0 

10 

1 

7 

18 

X 

0 

12 

0.5 

10 

22.5 

8.5a 

0 

7 

0 

11 

18 

8.5b 

0 

7 

0 

6 

13 

X 

0 

7 

0 

8.5 

15.5 

*  Females  were  marked  with  USR  pigment  1953  and  marked  specimens  were 
identified  with  a  Blak-Ray,  ULV ; 56 ,  long  wave  ultra-violet  lamp, 
a 

Observations  made  on  the  81  specimens  released  1  June  79. 
b 

Observations  made  on  the  82  specimens  released  2  June  79. 


1521 


a3i03*noo  sa3awnN  3Aiivinwno 


Figure  8.  Cumulative  numbers  of  marked  Anopheles  darlingi  Root 
collected  in  human  bait  collections  followitn  release  inside  a 
house  at  Floresta,  Ituxi  River,  Brazil,  at  2040  hr.  A  total  of  81 
and  82  marked,  unfe •!  specimens  were  released  1  and  2  June  1979, 
respectively. 


marked  specimens  that  were  captured  in  the  exit  traps  were  collected 
before  0600  hours  (Table  20).  After  chronological  adjustments  were 
made  in  numbers  of  marked  specimens,  flol lowing  removal  by  trapping 
(Table  21),  we  found  a  cumulative  32.9%  of  marked  specimens  were 
captured  in  human  bait  collections  and  9.5%  in  exit  trap  collections 

The  mark-recapture  data,  obtained  during  this  study,  is  interpreted 
cautiously  for  the  following  reasons:  a)  very  small  numbers  were 
recorded  from  the  exit  trap  collections;  b)  marked  specimens  were 
released  late  in  the  period  of  peak  biting  activity  (2045  hr); 
c)  abnormally  low  ambient  temperatures  were  recorded  during  both 
study  nights;  and  d)  the  marked  populations  were  discrete  and  do  not 
reflect  the  variable  but  continual  immigration  and  emigration  of 
darlingi  within  the  house. 

The  impact  of  these  factors  can  be  seen  in  the  values  of  marginal 
totals  in  Table  20.  The  last  column  reveals  that  immediately 
following  release,  the  marked  specimens  are  more  abundant  in  the 
exit  trap  collections  than  unmarked  individuals,  whereas  engorged 
females  are  more  abundant  in  subsequent  collections.  In  addition, 
there  were  disproportionately  few  marked  early  to  late  fed  specimens 
a  disproportionately  large  representation  of  unfed  specimens  (Sella 
1),  a  proportionate  number  of  Sella  2  and  3  specimens  and  no  marked 
specimens  in  stages  >  Sella  3  (see  marginal  totals  in  last  row  of 
Table  20).  This  reflects  the  discrete  characteristic  of  the  marked 
population  in  that  some  exit  immediately,  none  are  in  the  house  a 
sufficient  time  to  be  >  Sella  3  and  most  feeding  took  place  imme¬ 
diately,  thus  marked  individuals  were  in  Sella  2  and  3  at  sunrise. 

Calculations  with  the  simple  Lincoln  Index  (24)  were  performed  to 
estimate  total  numbers  of  An.  darlingi  in  the  house  with  human  bait 
and  exit  trap  collection  data.  For  these  calculations,  a  =  total 
number  marked  and  released,  n  =  number  collected  (marked  +  unmarked) 
after  release,  y  =  *'i'niber  recaptured  after  release  and  p  =  total 
number  of  darl ingi  in  the  house.  The  p  value  is  calculated  with 
the  Lincoln  Index  formula: 


p  = 


an 

~r~ 


The  a  value  was  determined  by  multiplying  the  accumulative  %  collec¬ 
ted  by  the  number  of  marked  specimens  released  (Table  2),  e.£. ,  for 
human  bait  collections  it  is  0.329  X  163  =  53.6  and  for  exit 
trap  collections  it  is  0.095  X  163  =  15.5. 

Calculations  with  the  human  bait  collections  gave  a  total  of  504.8 
An.  darlingi  in  the  house  for  the  2  nights  (n  =  166. a  =  163  and 
r  =  53.6). The  estimate  of  populations  size  was  557  darlingi  with 
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ULV;  56,  long  wave  ul tra-violtet  lamp. 
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TABLE  23 


Species  and  numbers  of  specimens  captured  in  human  bait  collections 
conducted  simultaneously  at  3  sites  (10  collections/site)  near  an 
experimental  house  at  Floresta,  Ituxi  River,  Amazonas,  Brazil,  Collec¬ 
tions  were  conducted  for  15  min,  each  from  1740-2005,  3  and  4  June 
1979. 


Distance  from  experimental  house 


10  meters 

20  meters 

40  meters 

Anopheles  (Nyssorhynchus) 

Anopheles  (Nyssorhynchus) 

Anopheles  (Nyssorhynchus) 

darlingi  (539) 

darlingi  (106) 
nuneztovari  (21) 
oswaldoi  (19) 

darlingi  (78) 
nuneztovari  (4) 
oswaldoi  (3) 

(Anopheles) 
peryassu  (2) 
mediopunctatus  (19) 
shannoni  (1) 

(Anopheles) 
peryassu  (1) 
mediopunctatus  (7) 

Aedes 

(Stethomyia) 

fulvus  (2) 

nimbus(l ) 

Psorophora 

cingulata 

Aedes 

fulvus  (2) 

Culex 

spisspes  (1) 

Psorophora 

cingulata  (3) 

TABLE  24 


Number  of  $  $  Anopheles  darljngi  Root  collected  in  5  min.  resting 
captures  inside  and  outside  of  an  experimental  house  at  Floresta, 
Ituxi  River,  Amazonas,  Brazil,  Collections  were  conducted  by  1 
collector  each  28  February  -  1  March  1975, 


Time 

Number  found  resting  by  site 

Inside  house  wall 

Outside  house  wall 

Vegetation 

1830-1835? 

0 

0 

0/1 

1830-1835° 

0 

0/1 

1900-1905? 

0 

0/1 

1900-1905° 

0/3 

1/0 

0/1 

1 930-1935? 

0 

0/2 

1930-1935° 

0/1 

0/5 

2000-2005* 

1/0 

0/12 

2000-2005° 

1/0 

0/2 

0/2 

2030-2035* 

2/0 

1  '  ■>  ■ 

0/1 

2030-2035° 

I/O 

2/6 

2100-2105* 

1/0 

0 

0/2 

1 

6/4 

2/19 

2/34 

0540-0545° 

1/0 

1  0/1  1 

0610-0615° 

0 

1/0 

0640-0645° 

0 

1 

0710-0715° 

1/0 

0 

0 

2/0 

0/1 

3/0 

a 

Collections  conducted  28  February  1979. 
b 

Collections  conducted  1  March  1979. 
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exit  trap  data  ( n  =  53,  a  =  163  and  r  =  15.5).  The  similarity 
between  these  population  estimators  is  interesting  but  does  not 
prove  degree  of  accuracy.  Additional  studies  are  required  to  fully 
understand  the  variables  involved  with  this  study  method. 

Collections  to  study  the  temporal  and  spatial  distribution  of  An. 
darlingi  away  from  the  house  during  the  early  evening  activity 
interval  were  conducted  during  study  number  2,  Collections  were 
conducted  for  15  min,  each  at  different  distances  from  the  house, 
viz. ,  <  10,  20  and  40  meters  from  the  house.  Prior  to  sunset  the 
greatest  number  were  collected  furtherest  from  the  house,  but  all 
subsequent  collections  were  uniformly  high  near  the  house  compared 
to  the  more  remote  collecting  sites  (Table  22).  The  crepuscular 
peak  in  activity  was  clearly  revealed  near  the  house,  but  not  at 
20  m  and  40  m  from  the  house.  Only  An.  darlingi  were  collected  near 
the  house,  whereas  we  observed  a  considerable  increase  in  species 
diversity  and  a  great  decrease  in  numbers  of  darlingi  at  20  m  and 
40  m  from  the  house  (Table  23). 

Collections  of  resting  darlingi  were  conducted  inside  and  outside 
the  house  from  1830  -  2105  and  0540  -  0715.  The  females  collected 
inside  th<->  house  prior  to  1935  hr  were  unfed,  but  all  subsequent 
specimens  were  engorged  (Table  24).  The  majority  of  specimens 
caught  outside  were  unfed  during  the  evening.  However,  three  of  4 
specimens  collected  resting  outside  in  the  morning  were  engorged. 

c.  The  Role  of  Euglossine  Bees  in  the  Removal  of  DDT  from  Sprayed 
Houses. 

1)  Objectives:  To  determine  the  impact  of  prolonged  bee  activity 
on  the  residue  levels  of  DDT  on  walls  of  sprayed  houses. 

2)  Background: 

The  strong  insecticidal  activity  of  DDT  (dichlorodiphenyltrichlo- 
roethane)  was  first  demonstrated  in  1943  (24).  DDT  was  subsequently 
employed  throughout  the  world  as  a  "front  line  defense"  against 
insects  of  agricultural  or  public  health  importance,  and  is  still 
widely  used  for  residual  treatment  of  house  walls  for  control  of 
mosquitoes  in  Brazil. 

While  studying  the  ecology  of  the  malaria  vector  Anopheles 
(Nyssorhynchus)  darlingi  Root  along  the  Ituxi  River,  Amazonas, 
Brazil,  we  observed  aggreagates  of  male  bees  on  the  walls  of  houses 
that  are  routinely  treated  with  DDT.  The  possibility  of  DDT  being 
an  insect  attractant  is  incongruous  with  its  premier  role  as  an 
insecticide.  Thus,  our  curiosity  was  aroused  when  we  discovered 
that  these  Euglossine  bees,  identified  as  Euplusia  purpurata,  were 
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well  known  to  the  residents  as  the  insects  that  eat  DDT  ("o  bicho 
que  come  DDT"). 

The  euglossine  bees  have  been  the  subject  of  many  fascinating  studies 
due  to  their  important  role  as  plant  pollinators.  Both  males  and 
females  provide  valuable  pollination  services  in  their  pursuit  of 
nectar.  An  even  more  specific  relationship  has  been  found  for  the 
males  in  their  apparent  pursuit  of  certain  flower  odors,  i_.  e. , 
many  flowers  attract  only  one  species  of  bee  that  affects  pollination 
(26).  The  flower  visiting  behavior  of  the  males  has  been  described 
as  follows: 

"When  they  v‘sit  an  euglossine  flower,  they  brush  on  the 
surface  of  the  flower  with  pads  of  hair  on  the  forefeet. 
The  bees  characteristically  brush  for  a  short  time  and 
they  hover  near  the  flower  while  scrubbing  their  legs 
together  and  evidently  placing  some  substance  in  their 
inflated  hind  tibiae.  The  bees  usually  repeat  this 
behavior  several  or  many  times,  sometimes  remaining  as 
long  as  90  minutes  at  one  inflorescence"  (26). 

3)  Progress: 

We  collected  several  bees  while  they  were  busily  brushing  their 
foretarsi  on  the  DDT- treated  walls  of  houses.  Thirty  or  more 
constantly  active  bees  would  be  seen  at  one  time,  and  as  some  would 
leave,  others  would  enter.  The  occasional  presence  of  very  shallow 
grooves  at  the  site  of  bee  activity  indicated  that  perhaps  the 
heavily  sclerotized  mandibles  were  sometimes  employed  to  collect 
the  DDT  residues.  The  residents  stated  that  these  bees  appear  after 
houses  are  sprayed  with  DDT  and  are  most  abundant  immediately  after 
treatment. 

Five  of  the  bees  we  collected  were  sent  to  the  U.S.  Army  Environ¬ 
mental  Hygiene  Agency,  Aberdeen  Proving  Ground,  Md.,  where  they 
were  dissected  and  each  body  part  separately  analyzed  for  DDT 
residues  in  accordance  with  analytical  procedures  recomended  by 
the  USEPA  (27).  The  head,  thorax,  abdomen  and  fore-,  mid-  and 
hindlegs  were  processed  for  each  specimen  (wings  were  discarded). 

The  body  parts  were  weighed,  prior  to  DDT  extraction,  so  concen¬ 
trations  of  insecticide  could  be  expressed  in  parts  per  million 
(ppm)  by  body  weight. 

Total  residue  in  yg/bee  for  5  DDT  isomers  are  presented  in  Table 
25.  Clearly  the  p,p'  -  DDT  isomer  was  present  consistently  in 
the  greatest  concentrations.  The  sum  of  the  DDT  isomers  expressed 
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TABLE  25 


DDT  residues  from  5  males  of  Euplusia  purpurata  collected  from 
sprayed  houses  along  the  Ituxi,  River,  Amazonas,  Brasil. 


Residue  concentrations  (ub/bee)  for  5  DDT  isomers 

DDT 

Bee  No.l  Bee  No. 2  Bee  No. 3 

Bee  No. 4  Bee  No. 5 

o,p* 

-  DDD 

2.32 

4.59 

0.80 

* 

* 

p»p' 

-  DDD 

24.99 

69.47 

44.01 

3  or 

80.45 

P.P' 

-  DDE 

16.02 

52.24 

36.38 

28.64 

58.84 

P.P' 

-  DDT 

135.25 

472.53 

174.70 

11.21 

335.95 

P.P' 

985.80 

2944.72 

2087.35 

1545.50 

2630.54 

DDTR 

1169.32 

3557.95 

2352.50  > 

1654.81 

>3122.06 

* 


Part  of  the  extract  lost  during  centrifugation  in  the  laboratory. 
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as  DDTR  ,  converted  to  parts  per  million  by  dry  weight,  revealed 
exceptionally  high  concentration  of  DDT  in  these  Brazilian  bees 
(Table  26).  Highest  concentrations  were  consistently  found  in  the 
hindlegs,  with  smaller  amounts  in  the  fore-  and  midlegs.  Although 
significant  residue  levels  were  found  in  head,  thorax  and  abdomen, 

DDT  concentrations  in  these  regions  were  markedly  less  than  what 
was  found  in  the  hind-legs.  For  honey  bees,  the  average  LD50  (lethal 
dose  for  50%  of  test  populations)  for  p,p'  -  DDT  alone  is  5.6  ug/bee 

(28) .  Although  it  is  inaccurate  to  compare  values  from  one  species 
to  another,  these  statistics  provide  a  perspective  for  evaluating 
the  high  residue  levels  found  in  the  Brazilian  bees.  Looking  at 
total  p ,p 1  -  DDT  in  jjg/bee,  for  instance,  there  was  a  low  of  985  in 
bee  1  and  a  high  of  2944.72  in  bee  2,  or  176.0  to  525.8  times  greater 
than  the  LD50  value  for  honey  bees.  Since  no  dead  or  moribund  bees 
were  seen  at  the  collections  sites,  the  high  residue  levels  of  DDT 
suggest  a  high  degree  of  resistance  in  these  euglossine  bees.  Bees 
included  in  this  analysis  were  collected  at  3  isolated  houses  sepa¬ 
rated  by  1-2  days  travel  by  boat  and  it  seems  certain  that  the  DDTR 
residue  found  in  the  bees  was  a  direct  result  of  contact  with  the 
sprayed  house  walls. 

We  have  considered  the  possibility  that  males  of  IE.  purpurata  enter 
houses  because  of  attractants  in  the  house  construction  materials 
or  in  response  to  carriers  in  the  DDT  formulation.  For  the  latter, 
it  is  relevant  to  note  that  attractants  to  male  euglossine  bees  are 
characteristically  aromatics  (28,  29).  The  DDT  sprayed  in  houses 
along  the  Ituxi  River  is  applied  as  a  wettable  powder  formulation, 
composed  of  DDT,  talc  and  water.  Clearly,  DDT  is  only  aromatic  in 
this  mixture.  In  addition,  males  of  E_.  purpurata  have  been  observed 
scratching  on  boards  treated  with  another  aromatic  insecticide,  Aldrin 

(29) .  Regarding  the  possibility  of  attractants  in  house  construction 
materials,  houses  along  the  river  are  constructed  mainly  of  local 
forest  products,  viz. ,  deciduous  trees  for  the  frame,  palm  thatching 
for  the  roof  and  palm  slats  for  the  walls  and  floors.  Although  the 
bees  seen  to  prefer  the  ceiling,  they  frequently  observed  brushing 

on  all  types  of  house  construction  materials.  In  one  case,  they 
were  found  brushing  on  a  tree  trunk,  in  the  forest,  that  had  been 
spot-sprayed  with  DDT. 

Bees  have  been  reported  to  enter  houses  after  DDT  applications  by 
residents  near  Manaus,  Amazonas,  Brazil.  They  also  have  been 


* 


DDTR  is  a  means  of  summing  all  the  DDT  isomers  and  expressing  the 
total  in  terms  of  DDT.  The  following  equation  is  utilized: 
t(o,p'  +  p,p'  -  DDD)  +  (0,p‘  _  p,p '  -  DDE)]  +  1.114  +  (o,p'  +  p,p'  - 
DDT). 
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observed  brushing  on  house  walls  near  Iquitos,  Columbia  (personal 
communication,  Dr.  R.  L.  Dressier,  Smithsonian  Tropical  Research 
Institute,  Box  2072,  Balboa,  Canal  Zone).  That  this  is  a  wide¬ 
spread  phenomenon  was  further  verified  by  a  recent  report  on  the 
sightings  of  £.  purpurata  within  treated  houses  in  many  areas  in 
the  state  of  Para,  Brazil  (30).  However,  no  documentation  of  these 
insects  actually  collecting  insecticide  has  been  made  and  this  is 
the  first  such  report. 

Based  on  the  distribution  of  DDT  residues  in  the  bees,  it  seems  that 
they  do  not  seek  the  insecticide  for  strictly  dietary  purposes. 

Thus,  we  suspect  that  JE.  purpurata  males  are  attracted  by  the  odor 
of  DDT  which  then  stimulates  their  behavior  of  brushing  the  insec¬ 
ticide  from  walls  for  storage  in  a  pouch  of  the  hind  tibia  (saccate 
hind  tibial  organ). 

d.  Comments : 

In  summary,  we  have  documented  exophilic  and  endophagic  behavior 
patterns  for  An.  darlingi  populations  at  the  Ituxi  River  study  area. 
Even  in  the  unsprayed  experimental  house  at  Floresta  the  An.,  darlingi 
do  not  rest  inside  the  house  for  more  than  a  few  hours.  Additional 
observations  are  as  follows: 

1)  Anopheles  darlingi  are  consistently  present  at  most  of  the 
single  and  multiple  family  habitations  along  the  Ituxi  River  systems; 

2)  The  An.  darlingi  populations  demonstrate  peak  host-seeking 
activity  at  sunset  and  sunrise  in  the  peridomiciliary  environment; 

3)  Activity,  in  the  absence  of  perturbations  from  low  ambient 
temperatures,  within  a  house  with  complete  walls  is  relatively 
constant  throughout  the  night; 

4)  Biting  activity  in  a  partially  enclosed  house  (with  one 
wall)  reflects  the  bimodal  pattern  documented  for  the  peridomi¬ 
ciliary  environment; 

5)  The  spatial  distribution  of  host-seeking  darlingi  popula- 
tions  is  clumped  near  to  and  within  the  experimental  house; 

6)  The  preferred,  within  house,  resting  site  of  engorged  An. 
darlingi  is  on  the  ceiling. 

The  latter  observations  is  in  sharp  contrast  to  the  finding  of  Deane 
and  Damasceno  that  87.2%  of  the  An.  darlingi  collected  were  resting 
on  the  lower  2  m  of  the  house  walls.  Since  walls  are  frequently  not 
over  2  m  in  height,  with  consequent  large  openings  between  the  roof 
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and  walls,  selection  of  the  ceiling  resting  sites  may  facilitate 
escape  from  the  house.  Also  it  is  interesting  that  E,  purpurata 
seem  to  preferentially  collect  DDT  {see  section  c)  from  the  ceiling 
and  upper  levels  of  the  wall. 

The  objective  for  future  studies  is  to  determine  the  influence  of 
DDT  treatment  on  the  behavioral  parameters  described  in  this  report. 
In  some  cases  we  will  seek  further  verification  of  our  observations 
prior  to  spraying  the  experimental  house  with  DDT.  However,  a 
control  house,  that  will  not  be  sprayed,  is  under  construction.  It 
is  important  to  Identify  the  main  points  of  entry  and  exit  of  An., 
darlingi  from  the  house  and  to  elucidate  the  variability  inactivity 
as  a  result  of  different  portals  of  exit.  More  emphasis  will  be 
placed  on  studies  of  resting  sites  and  host  preferences.  These 
efforts  will  be  facilitated  by  the  employ  of  a  recently  constructed 
vacuum  aspirator.  More  detailed  studies  will  be  conducted  to 
determine  a)  the  impact  of  the  euglossine  bees  in  DDT  removal  and 
b)  characterize,  in  more  detail,  their  insectici dophi lie  behavior. 


( 
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23.  (U)  Conduct  studies  on  the  ecology  of  Oropouche  (0R0)  virus  transmi¬ 
ssion  in  the  Amazon  basin  in  collaboration  with  the  Evandro  Chagas  Ins¬ 
titute.  This  arbovirus  is  the  most  common  cause  of  arbovirus  epidemics 
in  the  region  and  commonly  results  in  febrile,  debilitating  illness.  In¬ 
formation  on  the  dynamics  of  0R0  virus  transmission  in  urban  and  sylva- 
tic  environments  is  of  importance  to  military  personnel  transiting  or 
stationed  in  this  geographic  area. 

24.  (U)  Special  and  routine  virological,  entomological  and  epidemiologi¬ 
cal  procedures  were  employed.  Field  collected  specimens  of  insects, 
bird  and  mammal  blood  and  organs  will  be  processed  for  virus  isolation. 
Sera  will  be  tested  for  antibodies  to  0R0  virus  to  detect  areas  of  re¬ 
cent  0R0  virus  activity. 
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the  Walter  Reed  Army  Institute  of  Research.  Termination  of  this  project 
was  prompted  by  the  failure  of  the  Brazilian  Ministry  of  Health  to  renew 
a  standing  agreement  which  authorized  scientific  investigations  in 
Brazil.  For  final  technical  report  see  Walter  Reed  Army  Institute  of 
Research  Annual  Progress  Report,  1  October  1978  -30  September  1979. 
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INTRODUCTION  AND  SUMMARY  OF  ACCOMPLISHMENTS 

In  the  spring  of  1979  a  cooperative  program  was  established 
between  the  Walter  Reed  Army  Institute  of  Research  (WRAIR) 
and  the  Gorgas  Memorial  Institute  (GMI).  This  program 
allowed  a  WRAIR  scientist  to  conduct  studies  in  Panama 
while  utilizing  the  Laboratory  facilities  at  the  Gorgas  Me¬ 
morial  Laboratory,  Panama.  The  WRAIR  scientist  was  given 
the  rank  of  Adjunct  Associate  within  the  GMI  structure  and 
functions  essentially  as  a  GMI  staff  member.  Funding  for 
research  is  provided  through  WRAIR. 

The  initial  topic  of  study  for  the  WRAIR-GMI  program  is  to 
determine  the  incidence  and  prevalence  of  Phlebotomus  fever 
group  viruses  in  Panama,  with  special  emphasis  being  placed 
on  the  impact  of  these  agents  on  the  military  population 
stationed  there.  The  study  design  for  this  project  calls 
for  close  monitoring  of  4  military  units  permanently  assig¬ 
ned  to  Panama  which  frequently  engage  in  field  exercises. 
These  units  have  a  combined  total  strength  of  approximately 
2500  individuals.  Blood  samples  will  be  collected  from  all 
individuals  assigned  to  the  units  under  study  as  they  rotate 
in  and  out.  These  sera  will  be  examined  for  the  presence  of 
antibody  to  Phlebotomus  fever  group  viruses  in  an  effort  to 
determine  the  prevalence  of  antibody  in  this  high  exposure 
population.  An  attempt  will  also  be  made  to  monitor  episo¬ 
des  of  acute  illness  among  individuals  assigned  to  these 
units,  and  to  isolate  virus  from  febrile  patients. 

Preliminary  .serological  results  are  ^  ’ailable  for  2  of  the 
4  units  under  study.  Of  484  serum  samples  collected  from 
people  assigned  to  the  4th  BTN,  10th  INF,  Fort  Davis,  one 
(0.2%)  had  antibody  to  Chagres  virus,  a  Phlebotomus  fever 
group  virus  known  to  cause  human  illness.  An  additional  22 
(4.5%)  had  equivocal  results,  while  the  remainder  lacked 
antibody.  Of  158  sera  from  this  same  population  tested  for 
antibody  to  Punta  Toro  virus,  another  known  human  pathogen 
of  the  group,  3  (1.9%)  had  antibody,  while  the  remainder 
were  negative. 
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duration.  His  principle  signs  and  symptoms  included  headache, 
dizziness,  chills  and  fever.  The  patient  has  made  an  unevent¬ 
ful  recovery,  with  no  apparent  sequela. 

It  is  apparent  from  these  preliminary  results  that  both  Cha- 
gres  and  Punta  Toro  viruses  are  infecting  US  military  forces 
in  Panama.  In  addition,  this  study  has  already  documented 
that  Chagres  virus  is  responsible  for  at  least  some  of  the 
overt  illness  seen  in  this  population. 


Of  495  sera  collected  and  tested  from  individuals  assigned 
to  the  4th  BTN,  20th  INF  and  associated  units  at  Fort  Clay¬ 
ton,  2  (0.4%)  had  antibody  to  Chagres  virus,  and  an  addi¬ 
tional  28  (5.6%)  gave  equivocal  results.  The  remainder 
were  negative.  No  samples  have  been  tested  for  antibody 
to  Punta  Toro  virus  from  this  population. 

Only  4  acute  samples  have  been  collected  and  tested  from 
clinically  ill  persons  assigned  to  the  units  under  study. 
From  these,  one  sample  has  yielded  Chagres  virus.  This  pa¬ 
tient  experienced  a  febrile  illness  of  approximately  4  days 
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EPIDEMIOLOGICAL  STUDIES  OF  PHLEBOTOMUS  FEVER  VIRUSES 


A.  Review  of  the  Literature 

OBJECTIVE:  The  objective  of  this  section  is  to  present  a 

succinct  summary  of  the  literature  which  deals  with  Phleboto- 
mus  fever  group  viruses.  This  summary  will  serve  as  a  prefa¬ 
ce  to  the  studies  reported  in  the  following  sections. 

BACKGROUND:  The  history  of  Phlebotomus  fever  (PF)  has  been 

documented  primarily  by  the  military  since  armies,  rather 
than  resident  populations,  have  been  the  principle  suffers 
of  the  disease.  In  1909  an  Austrian  Military  Commission  of 
Doerr  et  al.  first  demonstrated  that  the  causative  agent  of 
sandfly  fever  was  a  virus  transmitted  by  the  sandfly,  Phle¬ 
botomus  papatasi .  Subsequently  Brit  (1910)  discussed  Phlebo¬ 
tomus  fever  in  Malta  and  Crete,  while  British  experiences  in 
India  were  later  documented  by  Sinton  (1925)  and  Anderson 
(1939).  A  very  detail  description  of  the  American  Military 
experience  with  sandfly  fever  was  provided  by  Hertig  and 
Sabin  (1964). 

Tesh  et  al.  (1975)  have  provided  the  most  recent  and  comple¬ 
te  analysis  of  the  PF  group  arboviruses  in  terms  of  antige¬ 
nic  relationships.  In  their  presentation  they  provide  com¬ 
plement  fixation  (CF),  plaque  reduction  neutralization  (PRN) 
and  hemagglutination  inhibition  (HI)  test  results  from  expe¬ 
riments  in  which  21  known  or  presumed  PF  group  viruses  and 
2  ungrouped  viruses  were  considered.  Included  in  these  21 
virus  are  6  serotypes  described  for  the  first  time. 

Since  the  publication  by  the  Tesh  et  al.  (1975),  additional 
PF  group  viruses  have  been  described.  At  present,  23  viru¬ 
ses  have  been  formally  registered  and  are  considered  to  be 
distinct  viruses  within  the  group,  and  an  additional  2  (Sud 
An  754-61  and  Co  Ar  3319)  are  still  under  consideration. 

Members  of  the  PF  group  of  arboviruses  are  found  throughout 
most  of  the  world.  The  greatest  diversity  of  serotypes  with¬ 
in  the  group  seems  to  be  concentrated  in  the  New  World  tro¬ 
pics,  where  8  serotypes  have  been  described  from  Panama  and 
7  from  Brazil.  In  contrast,  only  1  serotype  has  been  des¬ 
cribed  from  the  United  States  (Rio  Grande  virus).  In  the 
Old  World,  4  serotypes  are  prevalent  in  the  Mediterranean 
Region,  and  4  are  found  predominantly  in  Africa.  A  clini¬ 
cal  syndrome  referred  to  as  "Phlebotomus  fever"  has  been 
reported  from  China  (Bolt,  1915),  but  little  mention  has 
been  made  of  it  in  recent  western  literatures. 

Phlebotomus  fever  group  viruses  were  not  found  to  be  impor- 
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tant  human  pathogens  during  the  Viet  Nam  conflict,  and  no 
strains  have  been  described  from  south  east  Asia.  Likerwise, 

PF  group  viruses  have  not  been  identified  in  Australia  (Ber- 
ge  1975;  Knudsen  et  al.  1979). 

A  summary  of  the  known  geographic  distribution  of  PF  group 
viruses  is  provided  in  Table  1  . 

Among  the  24  known  or  presumed  members  of  the  PF  group  viru¬ 
ses,  5  are  currently  known  to  cause  overt  illness  in  man. 

These  viruses  are  sandfly  fever,  Naples  (SFN)  ,  sandfly  fever, 
Sicilian  (SFS)  ,  Chagres  (CHG),  Punta  Toro  (PT)  and  Gandiru 
(CDU)  viruses.  All  available  information  indicates  that  the 
clincial  syndrome  which  results  from  infection  with  any  of 
these  5  viruses  is  similar.  Details  of  that  syndrome  will 
be  presented  in  the  following  section. 

Serological  surveys  have  detected  antibody  to  13  PF  group  vi¬ 
ruses.  Besides  the  5  viruses  already  mentioned  that  have 
been  associate  with  overt  illness,  antibody  to  8  others  has 
been  identified  among  naturally  infected  human  populations. 
Investigations  have  failed  to  detect  antibody  to  an  additio¬ 
nal  6  PF  group  viruses,  and  no  data  is  available  for  the  re¬ 
maining  5  viruses.  A  summary  of  these  observations  is  pre¬ 
sented  in  Table  2  . 

The  clinical  illness  produced  by  infection  with  PF  group  vi¬ 
ruses  is  thought  to  be  essentially  the  same,  regardless  of 
which  virus  has  caused  the  infection.  The  disease  is  charac¬ 
terized  by  sudden  onset,  fever  lasting  about  3  days  ranging 
from  38-40°C  (100-105°F),  with  severe  frontal  headache,  pain 
in  the  eyes,  back  and  joints,  photophobia  and  general  malaise 
(Sabin  1951;  Hertig  and  Sabin  1964;  Srinhongse  and  Johnson 
1974;  Bartelloni  and  Tesh  1976).  The  disease  is  self  limi¬ 
ting  with  complete  recovery;  no  deaths  have  been  attributed 
to  infection  with  PF  group  viruses. 

There  is  evidence  to  suggest  that  the  clinical  manifestations 
of  PF  group  viruses  may  vary  with  age.  In  susceptible  adults, 
experimental  infection  with  Naples  or  Sicilian  virus  produces 
classical  sandfly  fever  as  described  above  (Sabin  1951;  Barte¬ 
lloni  and  Tesh  1976).  Several  studies  have  suggested  that 
the  disease  in  children  is  somewhat  milder  (Peschle  1936; 
Taylor  1959  ;  Guelmino  and  Jertic  1955).  Tesh  et  al.  Cl 9 7 6 ) 
discuss  this  phenomenon  in  their  report  on  sandfly  fevers  in 
the  Old  World.  Results  of  serological  surveys  have  shown 
that  in  areas  where  sandfly  fever  is  endemic,  most  of  the 
population  is  probably  infected  during  childhood  (Tesh  et 
al.  1976;  Saidi  et  al.  1977).  Persons  infected  as  children 
probably  suffer  only  a  relatively  mild  illness.  In  contrast, 
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when  non-immune  adults  enter  an  endemic  area,  classical  sand¬ 
fly  fever  usually  results. 

Experimental  infections  of  human  volunteers  with  Naples  and 
Sicilian  sandfly  fever  viruses  have  demonstrated  that  a  sin¬ 
gle  infection  with  either  virus  confers  immunity  to  the  homo¬ 
logous  virus  type  (Hertig  and  Sabin  1964;  Eartelloni  and  Tesh 
1976).  Individuals  subsequently  challenged  with  the  heterolo¬ 
gous  virus  did,  however,  become  infected. 

Serological  tests  using  convalescent  sera  from  patients  expe¬ 
rimentally  infected  with  either  Naples  or  Sicilian  sandfly  fe¬ 
ver  virus  had  little  or  no  neutralizing  antibody  to  heterolo¬ 
gous  Old  World  PF  group  viruses  (Bartelloni  and  Tesh  1976)  . 

Neutralization  tests  of  human  sera  collected  from  residents 
of  Athens,  Gregcein  1973-75  and  examined  for  antibody  to  PF 
group  viruses  found  antibody  to  Sicilian  virus  only  among  per¬ 
sons  over  the  age  of  30  years,  and  to  Naples  virus  only  among 
persons  over  the  age  of  10  years.  This  distribution  of  anti¬ 
body  to  PF  group  viruses  by  the  age  corresponds  to  the  onset 
of  insecticide  usuage  for  malaria  control,  and  most  likely 
reflects  the  effect  of  such  spraying  on  the  abundance  of  in¬ 
sect  vectors  of  PF  viruses.  It.  also  provides  evidence  which 
indicates  that  PF  neutralizing  antibodies  persist  for  at  least 
30  years,  and  suggests  that  a  single  infection  probably  confers 
life-long  immunity  against  the  homologous  virus  (Tesh  and  Papa- 
evangelou  1977) . 

Tesh  and  coworkers  (1975)  have  presented  the  most  complete  ana¬ 
lysis  of  the  laboratory  characteristics  of  the  PF  group  viruses 
They  have  examined  nearly  all  recognized  PF  group  viruses  by 
HI,  CF  and  PRN  tests.  Their  results  indicate  that  the  PRN  test 
is  by  far  the  most  sensitive  and  specific  test  for  both  identi¬ 
fication  of  isolates  and  detection  of  antibody.  The  PRN  test 
has  subsequently  been  successfully  employed  in  a  number  of  sero 
surveys  to  determine  antibody  prevalence  rates  to  PF  group  vi¬ 
ruses  from  various  parts  of  the  world  (Tesh  et  al.  1976;  Saidi 
et  al.  1977). 

The  HI  test  has  been  used  on  occasion  in  the  past  for  sero-sur- 
veys,  but  results  of  these  surveys  must  be  interpreted  with 
caution.  Experimental  infection  of  humans  with  Sicilian  sand¬ 
fly  fever  virus  has  shown  that  while  a  fourfold  or  greater  rise 
in  HI  antibody  titer  followed  infection,  pre-infection  sera 
frequently  produced  nonspecific  inhibition  of  Sicilian  anti¬ 
gen  at  dilutions  from  1:10  to  1:40,  despite  prior  treatment 
with  Kaolin  (Bartelloni  and  Tesh  1976). 

The  CF  antibody  response  of  volunteers  infected  with  Sicilian 
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sandfly  fever  virus  was  generally  poor.  CF  antibody  titers 
in  convalescent  sera  varied  from  1:4  to  1:16,  with  most  in 
the  1:4  to  1:8  range  (Bartelloni  and  Tesh  1976). 

Eight  PF  group  viruses  have  been  identified  from  Panama.  These 
are:  Chagres;  Punta  Toro;  Cacao;  Chilibre;  Aguacate;  Nigue; 

Caimito;  and  Frijoles  viruses.  Of  these,  Chagres  and  Punta 
Toro  viruses  have  both  been  isolated  from  clinically  ill  per¬ 
sons,  and  are  thus  recognized  as  human  pathogens  (Peralta  et 
al.  1965;  Berge  1970).  Antibody  to  Cacao  virus  has  been  iden¬ 
tified  among  people  resident  in  Panama,  but  no  documentation 
has  been  made  of  clinical  illness  associated  with  infection 
by  this  virus  (Berge  1975).  Antibody  was  not  found  to  either 
Aguacate  or  Frijoles  viruses  among  140  human  sera  tested  (Ber¬ 
ge  1975).  No  data  is  available  on  the  role  of  Caimito  or  Ni¬ 
gue  viruses  as  human  pathogens. 

The  epidemiology  of  Panamanian  PF  group  viruses  is  quite  dis¬ 
tinct  from  that  of  Old  World  PF  group  viruses.  In  the  Old 
World,  a  close  association  exists  between  PF  viruses  and  the 
insect  vector,  Phlebotomus  papatas i .  The  distribution  of  these 
viruses,  especially  Naples  and  Sicilian  viruses,  closely  follows 
the  distribution  of  the  vector  (Tesh  et  al.  1976).  In  the  New 
World,  especially  in  Panama  where  considerable  work  has  been 
done,  many  different  PF  viruses  are  found  within  a  very  limited 
geographical  area,  and  several  different  species  of  sandflies 
appear  to  be  involved  in  the  maintenance  of  these  viruses  in 
nature  (Tesh  et  al.  1974;  Tesh  et  al.  1975). 

Panamanian  sandflies  most  commonly  found  infected  include  Lut- 
zomy i a  trapidoi  and  ylephilator  (Tesh  et  al.  1974).  Virus 
has  been  recovered  from  both  males  and  females  of  some  species 
of  New  World  sandflies,  which  indicates  that  transovarial  trans¬ 
mission  of  PF  group  viruses  probably  occurs,  and  may  provide  one 
means  of  virus  survival  during  conditions  adverse  to  vertebrate 
mediated  virus  transmission  (Tesh  and  Chaniotis  1975).  Actual 
laboratory  transmission  studies  using  Lutzomy ja  and  Panamanian 
PF  group  viruses  have  not  been  attempted,  consequently  the  true 
vectorial  capacity  of  these  species  has  not  been  demonstrated. 

The  basic  biology  of  New  World  sandflies  has  been  investigated 
in  some  detail.  Among  the  subject  areas  about  which  a  reaso¬ 
nable  amount  of  data  are  available  are:  Taxonomy  (numerous 
papers  by  Hertig  and  Fairchild;  Chaniotis  1974;  Young  1979); 
host  preferences  (Thatcher  1968;  Tesh  et  al.  1971;  Tesh  et  al. 
1972;  WHO  project  currently  in  progress  at  GML) ;  microclimatic 
requirements  (Read  1977;  Read  et  al  1978);  biology  of  immature 
sandflies  (Thatcher  1968;  Rutledge  and  Mosser  1971;  Rutledge 
and  Ellenwood  1974  a,  b,  c);  behavior  of  adult  sandflies  (Cha- 


niotis  et  al.  1971;  Chaniotis.  et  al.  1972;  Chaniotis  et  al. 
1974;  Chaniotis  and  Correa  1974);  and  laboratory  rearing  of 
sandflies  (Chaniotis  1974;  1975). 

Unfortunately  the  establishment  and  maintenance  of  laboratory 
colo.  \es  of  sandflies  is  a  very  difficult,  tedious  and  time- 
consuming  operation.  While  several  significant  questions  best 
addressed  through  laboratory  experimentation  using  colonized 
sandflies  remain  to  be  answered,  the  difficulty  of  maintaining 
such  colonies  continues  to  preclude  this  work.  Laboratory 
transmission  experiments  might  be  one  area  of  interest  for 
future  investigations  following  the  initial  phase  of  this 
project,  should  Panamanian  PF  viruses  be  shown  to  be  important 
pathogens  to  high  exposure  populations. 

Aside  from  the  isolation  of  Chagres  and  Punta  Toro  viruses 
from  man,  no  information  is  available  on  the  role  of  verte¬ 
brates  in  the  maintenance  of  Panamanian  PF  group  viruses.  In 
other  regions  of  the  world,  mammals  are  the  primary  vertebra¬ 
te  hosts  for  PF  group  viruses,  and  it  seems  reasonable  to  as¬ 
sume  that  mammals  are  the  most  important  feral  hosts  in  Pana¬ 
ma  as  well. 
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Table  2.  Phlebotomus  fever  group  viruses  and  their  ability 
to  cause  human  illness. 


Virus 


Clinic a 1  Disease 


Antibody 


No.  Data 


AMT 

Sud  An  754-61 

GOR 

SAF 


Co  Ar  3319 
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B.  Incidence  and  prevalence  of  Phlebotomus  fever  group  viru¬ 
ses  among  American  Military  Personnel  assigned  to  Panama. 

OBJECTIVES:  To  determine  the  incidence  and  prevalence  of 

Phlebotomus  fever  group  viruses  in  American  military  perso¬ 
nnel  stationed  in  Panama. 

BACKGROUND:  Two  Phlebotomus  fever  group  viruses  have  been 

isolated  from  clinically  ill  military  personal  following  field 
exposure  in  Panama.  Chagres  (CHG)  virus  was  first  isolated 
from  the  blood  of  a  febrile  Nicaraguan  officer  while  he  parti¬ 
cipated  in  jungle  warfare  training  at  Fort  Sherman  (Peralta  et 
al.  1965).  Funta  Toro  (PT)  virus  was  first  isolated  from  the 
blood  of  a  febrile  American  soldier,  also  following  training 
in  jungle  warfare  at  Fort  Sherman  (Berge,  1970).  Additional 
isolations  of  CHG  virus  have  been  made  from  clinically  ill  per¬ 
sons  exposed  in  Panama  (Srihongse  and  Johnson  1974) .Additional 
isolations  of  PT  virus  from  febrile  patients  have  also  been  ma¬ 
de,  but  these  have  not  been  reported  in  the  scientific  litera¬ 
ture  (Peralta,  pel sonal  communications).  To  date,  no  attempt 
has  been  made  to  document  either  the  incidence  or  prevalence  of 
infection  with  Phlebotomus  fever  group  viruses  among  populations 
with  sustained  field  exposure  in  Panama.  This  information  is  cru¬ 
cial  to  an  understanding  of  the  impact  of  these  viruses  on  the 
health  of  persons  residing  either  temporarily  or  permanently  in 
Panama . 

Results  presented  in  this  section  depect  our  attempts  to  deter¬ 
mine  the  prevalence  of  antibody  to  Phlebotomus  fever  group  vi¬ 
ruses  among  American  military  personnel  stationed  in  Panama. 

DESCRIPTION:  Four  Americau  military  units  are  located  in  Pana¬ 

ma  which  frequently  engage  in  field  training  exercises.  These 
are  the  3rd  Battalion,  5th  Infantry  stationed  at  Fort  Kobbe, 
and  the  4th  Battalion,  P.Ouh  Infantry  at  Fort  Clayton,  both  of 
which  are  on  the  Pacific  side  of  Panama.  On  the  Atlantic  side 
are  the  4th  Battalion,  10th  Infantry  stationed  at  Fort  Davis, 
and  the  3rd  Battalion,  7th  Special  Forces  Group  stationed  at 
Fort  Gulick.  Each  battalion  contains  approximately  7-800  men, 
except  the  Special  Forces  Group  at  Fort  Gulick,  which  has 
slightly  over  300  men. 

Within  each  battalion  are  3  infantry  companies  (A,  B,  and  C) 
a  combat  support  company  and  a  headquarters  company.  The  in¬ 
fantry  companies  and  the  combat  support  company  are  engaged  in 
training  exercises  or  maneuvers  which  take  them  into  the 
forest  almost  every  week,  thus  they  represent  the  segment  with 
the  highest  rate  of  field  exposure  among  U.  S.  military 
stationed  in  Panama.  The  headquarters  companies  also  enter 
the  field  routinely,  but  not  as  frequently  as  the  other 
companies.  Several  support  units  are  located  on  each 
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post  which  have  little  or  no  field  exposure.  Consequently 
it  will  be  possible  to  draw  a  sample  of  the  US  Military  popu¬ 
lation  such  that  a  gradition  exists  in  the  degree  of  field 
exposure . 

Personnel  assigned  to  these  units  remain  in  Panama  for  va¬ 
rious  lengths  of  time.  Generally  an  individual  not  accompa¬ 
nied  by  dependents  has  a  tour  of  duty  of  24  months.  Those 
accompanied  usually  have  a  36  month  tour.  It  is  not  uncom¬ 
mon,  however,  to  have  people  rotate  out  after  as  little  as 
12  months  in  the  unit.  Table  3  presents  a  summary  of  the 
forecasted  personnel  rotations  between  August  1979  and  De¬ 
cember  1981  for  the  4  units  under  surveillance.  It  can  be 
noted  that  approximately  83 %  of  the  current  troop  strength 
is  forecasted  to  rotate  during  this  period. 

Various  echelons  of  medical  care  are  provided  to  personnel 
of  these  units.  Each  battalion  is  serviced  by  a  battalion 
aid  station,  which  is  staffed  by  a  warrant  officer  physicians 
assistant  and  a  variety  of  medics.  The  battalion  aid  station 
is  usually  the  first  level  of  medical  care  provided  to  a 
sick  or  injured  soldier;  i.e.  sick  call  is  held  there,  etc. 

On  the  Atlantic  side,  the  next  level  of  treatment  is  provided 
by  health  clinic  at  Fort  Gulick.  Physicians  staff  this  cli¬ 
nic,  but  patients  are  seen  almost  entirely  on  an  out  patient 
basis.  Patients  requiring  hospitalization  are  transfered 
to  Coco  Solo  Hospital.  On  the  Pacific  side,  a  health  clinic 
is  located  at  Fort  Clayton  which  is  similar  to  the  one  at 
Fort  Gulick.  Patients  requiring  hospitalization  are  handled 
at  Gorgas  Hospital. 

Field  training  exercises  are  conducted  in  essentially  undis¬ 
turbed  tropical  forests  which  extend  5  miles  inland  on  either 
side  of  the  Panama  Canal.  Those  companies  which  frequently 
engage  in  training  exercises  spend  approximately  40%  of 
their  time,  on  an  annual  basis,  in  the  field.  Typically 
field  training  exercises  last  3  days  and  2  nights,  but  lon¬ 
ger  exercises  are  not  uncommon. 

An  attempt  will  be  made  to  determine  the  incidence  and  preva¬ 
lence  of  Phlebotomus  fever  group  viruses  by  documenting  the 
acquisition  of  antibody  to  these  viruses  among  the  population 
under  surveillance.  Sera  will  be  collected  in  two  separate 
programs.  First,  we  will  attempt  to  collect  sera  from  all 
members  of  each  battalion  as  they  are  assigned  to  the  unit 
and  as  they  rotate  out.  Collecting  sera  as  individuals  rota¬ 
te  in  and  out  will  result  in  the  least  disruption  to  normal 
training  activities,  yet  will  eventually  result  in  a  complete 
pre  and  post-exposure  serum  sample  for  most  individuals  assig¬ 
ned.  In  addition,  such  a  protocol  will  allow  immediate  tes- 
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ting  of  post-exposure  samples.  While  it  will  not  be  possi¬ 
ble  to  document  seroconver sions  from  the  initial  post-expo¬ 
sure  samples  collected,  since  they  will  lack  a  pre-exposure 
serum  sample,  they  will  provide  an  early  indicator  of  the 
prevalence  of  Phlebotomus  fever  group  infection  and  may  high¬ 
light  geographical  areas  of  greatest  virus  activity.  This 
will  allow  early  modification  of  the  protocol,  if  necessary, 
or  the  establishment  of  a  field  program  to  investigate  the 
exact  source  of  infection. 

The  second  source  of  sera  for  this  study  involves  collecting 
blood  samples  at  the  time  of  drug  screening.  Army  regula¬ 
tions  (AR  600-85)  require  that  a  random  sample  of  at  least 
60%  of  all  military  personnel  25  years  old  or  younger  be 
screened  annuallyfor  drug  abuse.  All  units  under  our  survei¬ 
llance  program  are  actively  participating  in  this  drug  scree¬ 
ning  program,  and  we  anticipate  that  such  screening  will  pro¬ 
vide  an  excellent  apportunity  for  us  to  draw  serum  samples 
from  this  segment  of  the  population.  These  collections  will 
provide  us  with  a  large  cross-sectional  sample  of  much  of  the 
population  early  on  in  the  study. 

Participation  in  this  study  will  be  on  a  strictly  voluntary 
basis.  Each  participant  will  be  informed  of  the  risks  invol¬ 
ved,  the  objective  of  the  study, and  the  benefits  to  be  gained, 
both  to  the  individual  and  to  the  Army.  When  blood  collec¬ 
tions  are  scheduled  to  coincide  with  drug  screening,  a  repre¬ 
sentative  of  the  project  will  be  on  hand  to  introduce  the  stu¬ 
dy  and  to  answer  questions.  All  volunteers  will  be  asked  to 
sign  an  informed  consent  statement,  a  copy  of  which  is  atta¬ 
ched  as  Appendix  1  .  When  single  blood  samples  are  drawn 

from  individuals  as  they  rotate  in  and  out  of  the  units  under 
surveillance,  the  medic  drawing  the  sample  will  explain  the 
study  and  request  that  the  informed  consent  statement  be 
signed.  He  will  attempt  to  answer  any  questions  which  relate 
to  the  study  and  will  refer  those  he  is  unable  to  answer  to 
the  GML  staff  by  phone  or  in  person  for  response.  The  infor¬ 
med  consent  statement  will  have  a  concise  summary  of  the  pro¬ 
ject,  its  objectives  and  potential  benefits,  and  the  risks 
associated  with  venipuncture.  Signed  informed  consent  sta¬ 
tements  will  be  maintained  at  GML  indefinitely. 

PROGRESS:  Formal  request  to  conduct  this  study  has  been  made 
to  Headquarters,  193rd  Infantry  Brigade  through  Col.  Lehardy, 
Deputy  Commander  Operations  and  Training,  and  approval  has 
been  granted.  Formal  approval  has  also  been  received  from 
Col.  Birr iel-Carmona ,  M.D.  Director  of  Health  Services,  US 
Southern  Command.  On  18  July  1979  Col.  Birriel  distributed 
a  memorandum  to  the  commanders  of  each  unit  to  be  followed 
requesting  their  support.  A  copy  of  that  memorandum  is  en- 
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closed  as  Appendix  2 

Contact  has  been  made  with  the  battalion  aid  station  person¬ 
nel  who  support  each  unit  under  study.  Personnel  at  each 
station  were  eager  to  cooperate  in  this  program  and  have 
agreed  to  draw  blood  samples  for  both  the  seroconversion 
study  and  the  acute  disease  program.  Early  results  indicate 
that  good  cooperation  from  these  people  can  be  expected. 

A  total  of  7032  sera  have  been  collected  from  military  perso¬ 
nnel  assigned  to  the  4  units  under  surveillance.  Results  of 
preliminary  screening  tests  using  a  1:4  serum  dilution  and 
testing  against  Chagres  (CHG)  virus  are  available.  These  re¬ 
sults  are  summarized  on  Tables  4-7  .  Sera  were  considered  to 
be  positive  on  screening  if  they  neutralized  >,  90%  of  the 
plaque  dose,  and  +  if  they  neutralized  50-89%.  Those  neu¬ 
tralizing  less  than  50%  were  considered  negative.  Titrations 
of  positive  and  +  sera  are  in  progress,  but  only  limited  re¬ 
sults  are  now  available. 

At  Fort  Davis,  a  total  of  484  sera  have  been  collected  and 
tested  for  antibody  to  CHG  virus  to  date.  Of  these,  1  (0.2%) 
was  considered  positive,  and  22  (4.5%)  were  considered  +  . 

The  remaining  461  sera  were  negative.  The  single  positive 
sera  titered  1:8  to  CHG  virus.  (90%  reduction  at  1:8;  50% 

reduction  at  1:32). 

At  Fort  Clayton,  495  sera  have  been  tested  for  antibody  to 
CHG  virus  to  date.  Of  these,  2  (0.4%)  were  positive  and  28 
(5.7%)  were  +.  The  2  positive  sera  have  been  titrated  and 
are  1:128  and  1:16  (90%  reduction)  against  CHG  virus.  We 
have  yet  to  test  these  sera  against  other  Phlebotomus  group 
viruses . 

Only  49  sera  have  been  collected  from  Fort  Kobbe  to  date.  All 
these  sera  have  been  tested  for  antibody  to  CHG  virus,  and 
1  (2.0%)  was  +.  No  positives  have  been  found. 

Only  4  sera  have  been  collected  from  the  Special  Forces  Group 
at  Fort  Gulick,  and  all  sera  have  been  negative. 

A  limited  number  of  sera  have  been  screened  for  antibody  to 
Punta  Toro  (PT)  virus,  also  at  a  1:4  dilution.  All  samples 
tested  were  from  Fort  Davis.  Of  the  158  sera  tested,  3  (1.9%) 
were  positive  and  none  +.  We  have  yet  to  titrate  these  posi¬ 
tive  sera;  however,  one  of  the  4  positives  is  the  same  indivi¬ 
dual  who  titered  1:8  for  CHG  virus.  These  results  are  presen¬ 
ted  in  Table  8  .  A  review  of  health  records  of  the  positive 

individuals  indicates  that  of  the  3  persons  antibody  positive 
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to  CHG  virus,  2  experienced  febrile  episodes  since  arriving 
in  Panama  which  were  severe  enough  for  them  to  report  to 
sick  call.  Of  the  3  positive  for  PT  virus,  2  had  records  of 
febrile  episodes.  In  all  instances  a  diagnosis  of  "flu  syn¬ 
drome"  was  made.  It  is  impossible  to  determine,  however,  if 
these  clinical  episodes  were  actually  the  result  of  infection 
with  a  Phlebotomus  fever  group  agent. 

COMMENT:  The  preliminary  results  presented  here  indicate  that 

US  military  personnel  assigned  in  Panama  are  being  infected 
with  CHG  and  PT  viruses.  Of  the  2,  PT  virus  appears  to  be 
the  more  prevalent.  The  relatively  large  percent  of  sera 
which  tested  +  to  CHG  virus  may  indicate  cross-reactivity  to 
another  Phlebotomus  fever  group  virus.  This  will  become  evi¬ 
dent  as  testing  is  continued. 
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Table  3  .  Forecast  of  anticipated  troop  rotations  between  Au¬ 
gust  1979  and  December  1981  among  units  to  be  follo¬ 
wed.  Total  strength  estimates  based  on  August  1979 
figures . 


Ft  . 

Ft. 

Ft. 

Ft. 

Month 

Year 

Davis 

Clayton 

Kobbe 

Gulick 

Total 

Aug . 

1979 

20 

8 

23 

8 

59 

Sept . 

14 

15 

12 

6 

47 

Oct . 

24 

24 

24 

9 

81 

Nov . 

27 

18 

30 

8 

83 

Dec . 

33 

16 

28 

13 

90 

Jan . 

]  980 

28 

40 

31 

12 

111 

Feb. 

12 

27 

24 

2 

65 

Mar . 

19 

24 

11 

7 

61 

Apr . 

34 

15 

17 

8 

74 

May 

36 

17 

22 

13 

88 

June 

24 

33 

33 

18 

108 

JuJy 

33 

27 

29 

9 

98 

Aug . 

23 

21 

23 

10 

77 

Sept . 

20 

26 

14 

11 

71 

Oct . 

27 

30 

25 

11 

93 

Nov . 

28 

35 

25 

8 

96 

Dec . 

18 

18 

30 

8 

74 

J  an . 

1981 

41 

43 

43 

12 

139 

Feb. 

25 

22 

19 

5 

71 

Mar . 

28 

20 

19 

7 

74 

Apr . 

25 

20 

25 

11 

81 

May 

19 

36 

35 

10 

100 

June 

23 

38 

40 

2 

103 

July 

16 

13 

17 

7 

53 

Aug . 

8 

8 

14 

5 

35 

Sept . 

4 

15 

11 

2 

32 

Oct . 

15 

6 

9 

10 

40 

Nov . 

5 

13 

4 

1 

23 

Dec . 

3 

10 

8 

6 

27 

Total 

632 

638 

645 

239 

2,154 

Strenght 

745 

789 

751 

286 

2,511 

%  Turnover 

84  % 

80% 

85  % 

83  % 

8  3.2 
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Table  4  . 


Sera  collected  from  personnel  of  the  4th  BTN,  10th 
INF,  Fort  Davis,  and  tested  at  1:4  screening  dila¬ 
tion  against  20-50  plaque  forming  units  of  Chagres 
virus;  August-September ,  1979. 


Company 

Pos  . 

+ 

Neg . 

Total  tested 

A 

3 

(4.6%) 

61 

64 

B 

2 

(2.9%) 

6  6 

68 

C 

3 

(3.8%) 

76 

79 

HQ-D 

1 

(2%) 

48 

49 

HHC 

5 

(6.2%) 

81 

86 

Trans . 

2 

(4.7%) 

41 

43 

CSC 

1  (1.6%) 

4 

(6.3%) 

58 

63 

Special 

Forces 

5 

5 

Unk. 

2 

(7.4%) 

25 

27 

Total 

1  (0.2%) 

22 

(4.5%) 

461 

(95.3%)  484 
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Table  5.  Sera  collected  from  personnel  of  the  4th  BTN,  20th 

INF,  and  associated  units,  Fort  Clayton,  and  tested 
at  a  1:4  screening  dilution  against  20-50  plaque  for¬ 
ming  units  of  Chagres  virus;  August-September ,  1979. 


Company  Pos. 

+ 

Neg . 

Total  tested 

A  2  (4.3%) 

5 

(10.6%) 

40 

47 

B 

2 

(2.8%) 

69 

71 

C 

4 

(5.1%) 

74 

78 

CSC 

8 

(80%) 

2 

10 

HHC 

3 

(2.0%) 

150 

153 

475th 

1 

(2.0%) 

47 

48 

Trans . 

396th  Sig 

1 

(1.5%) 

64 

65 

Unk. 

4 

(17.4%) 

19 

23 

Total  2  (0.4%) 

28 

(5.7%) 

465  (93.9%) 

495 
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Table  6.  Sera  collected  from  personnel  of  the  3rd  BTN,  5th 
INF  and  associated  units,  Fort  Kobbe,  and  tested 
at  a  1:4  screening  dilution  against  20-50  plaque 
forming  units  of  Chagres  virus;  August-  September, 
1979. 


Company  Pos. 

+ 

Neg  . 

Total  tested 

A 

2 

2 

B 

4 

4 

C 

2 

2 

CSC 

1  (33.3%) 

2 

3 

HHC 

15 

15 

518 

Trans 

3 

3 

Unk. 

20 

20 

Total 

1  (2.0%) 

48 

49 
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Table  7  . 


Sera  collected  from  personnel  assigned  to  the  3rd 
BTN ,  7th  Special  Forces  Group,  Fort  Gulick  and 
tested  at  a  1:4  screening  dilution  against  20-50 
plaque,  forming  units  of  Chagres  virus;  August- 
September,  1979. 


Company  Pos.  +  Neg.  Total  tested 


A 

B  1  1 

C 

CSC 

HHC  2  2 

Trans . 

Unk.  1  1 

Total  4  4 
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Table8  .  Sera  collected  from  personnel  assigned  to  the  4th 
BTN,  10th  INF,  Fort  Davis,  and  tested  at  a  1:4 
Screening  dilution  against  20-50  plaque  forming 
units  of  Punta  Toro  virus;  August  -September , 1979 . 


Company  Pos.  +  Neg.  Total  tested 


c 

73 

73 

CSC 

2  03.3%) 

58 

60 

HHC 

1  (4.3%) 

22 

23 

Unk. 

2 

2 

Total 

3  (1.9%) 

155 

158 
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C.  Acute  Illness  Surveillance 


OBJECTIVE:  This  aspect  of  the  study  will  attempt  to  determi¬ 

ne  the  incidence  of  clinical  illness  caused  by  Phlebotomus 
fever  group  viruses  among  US  military  personnel  assigned  to 
Panama . 

BACKGROUND:  Two  Panamanian  Phlebotomus  fever  group  viruses, 

Chagres  and  Punta  Toro,  are  known  to  cause  clinical  illness 
in  man.  Both  viruses  were  originally  isolated  from  clinica¬ 
lly  ill  military  personnel  as  they  participated  in  jungle 
warfare  training  at  Fort  Sherman,  Canal  Zone.  No  attempt 
has  yet  been  made,  however,  to  determine  the  incidence  of 
infection  with  these  viruses  among  high  exposure  human  popu¬ 
lations.  Likerwise,  no  information  is  available  to  determi¬ 
ne  the  ratio  of  apparent  to  inapparent  infections  with  these 
viruses.  This  study  will  provide  useful  information  which 
will  allow  us  to  answer  these  questions. 

DESCRIPTION:  The  target  population  for  this  aspect  of  the 

study  will  be  the  4  field  units  with  high  field  exposure  which 
were  previously  described.  Contact  will  be  made  with  indivi¬ 
duals  who  staff  the  primary  health  care  facilities  which  su¬ 
pport  the  units  under  study,  and  they  will  be  informed  of  our 
interests  in  virus  disease  epidemiology.  They  will  be  reques¬ 
ted  to  draw  acute  blood  samples  from  all  potential  cases  of 
arbovirus  diseases  and  briefed  on  the  appropriate  methods  of 
collecting  and  handling  samples  for  virus  isolation  attempts. 
For  purposes  of  this  study,  a  case  will  be  defined  as  any 
person  suffering  from  a  fever  of  100°F  or  greater  for  at  least 
24  hrs,  without  obvious  signs  or  symptoms  of  respiratory  ill¬ 
ness  or  bacterial  infection.  By  using  a  very  broad  case  de¬ 
finition,  we  hope  to  not  only  collect  samples  from  all  cases 
of  Phlebotomus  fever,  but  also  to  monitor  other  arboviruses 
as  well.  Formal  channels  will  be  established  to  enable  cli¬ 
nic  staff  to  notify  our  representative  that  acute  samples  ha¬ 
ve  been  taken  and  to  have  the  samples  collected.  Acute  sam¬ 
ples  will  be  assayed  in  Vero  cell  culture  and  duplicated  li¬ 
tters  of  suckling  mice  for  the  presence  of  virus.  All  virus 
isolations  made  will  be  identified,  if  possible.  When  appro¬ 
priate,  convalescent  sera  will  be  collected.  Priority  will 
be  given  to  "Feed-back"  of  information  to  cooperating  indivi¬ 
duals  and  units.  Regardless  of  whether  or  not  acute  samples 
were  drawn,  a  representative  of  the  project  will  visit  each 
clinic  at  least  weekly  in  an  effort  to  maintain  interest  in 
the  project  among  cooperating  units. 
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PROGRESS;  This  aspect  of  the  study  is  just  commencing,  con¬ 
sequently  few  acute  samples  have  been  collected  or  tested. 
Table  9  presents  a  summary  of  all  clinical  samples  collected 
to  date,  principle  signs  and  symptoms  of  the  patient,  the 
attending  physicians  assistant’s  diagnosis  and  the  status 
of  our  attempts  to  isolate  virus  in  Vero  cell  culture  and 
suckling  mice. 

A  single  acute  sample  has  yielded  virus  so  far.  This  sample 
was  collected  from  a  soldier  stationed  at  Fort  Davis  (Atlan¬ 
tic  side  of  Panama).  Blood  was  drawn  on  da^  4  of  illness, 
when  the  patient  had  a  temperature  of  102.4  F  .  The  sample 
first  caused  visible  cytopathetic  effect  in  Vero  cell  cultu¬ 
re  on  day  7  post-inoculation,  and  killed  suckling  mice  ino¬ 
culated  intracerebrally .  Harvested  cell  culture  supernate 
and  suckling  mouse  brain  suspensions  were  both  successfully 
passed.  Viral  stocks  of  3rd  passage  level  Vero  cell  culture 
supernatewere  made  for  virus  identification.  An  aloquote  of 
this  stock  was  titrated  in  Vero  cell  culture  grown  in  96 
well  panels.  Plaques  formed  were  uniform  in  size,  clear  cut 
and  distinct,  and  approximately  l~2mm  in  diameter.  This  vi¬ 
rus  stock  contains  approximately  2.0x10°  pfu/l.Oml. 

A  plaque  reduction  neutralization  test  has  been  done  in  an 
attempt  to  identify  the  isolate.  Grouping  antisera  against 
alphaviruses ,  f laviviruses  ,  Group  C  arboviruses,  California 
group  arboviruses  and  mouse  hyperimmune  ascitic  fluids  (MHAF) 
to  Panamanian  Phlebotomus  fever  group  viruses  were  tested,  as 
were  the  patient’s  acute  and  convalescent  sera.  Results  are 
presented  in  TablelO,  The  acute  sera,  all  grouping  reagents, 
and  MHAF  to  Punta  Toro,  Caimito,  Frijoles,  Nique,  Aguacate, 
Itaporanga  and  Icoaraci  viruses  all  failed  to  neutralize  the 
isolate.  The  convalescent  serum  drawn  21  days  after  acute 
serum  and  MHAF  to  Chagres  virus  both  neutralized  the  isolate 
to  a  significant  extent. 

COMMENT:  It  is  difficult  to  determine  an  exact  titer  of  the 

convalescent  serum,  since  the  serum  reduces  both  the  number 
and  size  of  plaques.  If  a  90%  reduction  point  in  number  of 
plaques  alone  is  used,  then  the  titer  is  1:32.  If  80%  is 
used,  the  titer  is  1:64,  and  if  50%  is  used,  the  titer  is 
>1:256.  Bartelloni  and  Tesh  (1976)  observed  similar  results 
with  convalescent  sera  from  patients  experimentally  infected 
with  Sicilian  type  sandfly  fever  virus.  They  selected  a 
criteria  which  considered  plaque  size  as  well  as  percent  re¬ 
duction  for  titrations.  Using  their  criteria  for  positivity 
of  >/  80%  reduction  and  a  plaque  size  approximately  equal  to 
the  unneutralized  dose,  the  titer  of  convalescent  sera  is 
> 1:256. 
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Table  9.  Summary  of  acute  blood  samples  collected  and  virus  isolation  attempts  made 
from  military  personnel  under  surveillance  in  Panama,  Aug. -Sept.  1979. 
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Table  10.  Results  of  a 
to  identify 
seen  at  Fort 

plaque  reduction 
a  virus  isolation 
Davis,  Canal  Zone 

neutralization  test 
made  from  a  patient 
,  Aug.  1979. 

Serum  or  MHAF* 

Test 

titer 

Homologous  titer 

Acute 

<  1 : 

8 

_ 

Convalescent 

>1: 

256 

Group  A 

<1: 

8 

io3,2-io4,9** 

Group  B 

41: 

8 

Not  done 

Group  C 

<  1 : 

8 

103,1-103'^** 

California  Group 

<■  1 : 

8 

Not  done 

Caimito 

<1: 

8 

1:2560 

Fri j  oles 

<1: 

8 

1:640 

Nique 

<1: 

8 

1:80 

Aguacate 

<1: 

8 

- 

Punta  Toro 

ili 

8 

1:960 

Chagres 

*L: 

256 

1: 1280 

Itaporanga 

<1 : 

8 

1:320 

Icoaraci 

<1: 

8 

1:128*** 

*  Mouse  hyperimmune  ascitic  fluid 
**  Neutralization  index  in  suckling  mice 
***  Complement  fixation  test  titer. 
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D.  Serological  Survey-  of  Las  perlas  Islands 

OBJECTIVE;  This  survey  attempts,  to  determine  the  prevalence 
of  antibody  to  Chagres  and  other  Phlehotomus  fever  group  vi¬ 
ruses  among  residents  of  Las  Perlas  Islands. 

BACKGROUND:  Srihongse  and  Johnson  (1974)  conducted  a  serolo¬ 

gical  survey  of  Panama  using  the  hemagglutination  inhibition 
(HI)  test  to  determine  the  antibody  prevalence  rate  to  Cha¬ 
gres  virus.  Their  results  showed  a  prevalence  rate  of  about 
5%  throughout  Panama,  with’ the  exception  of  Las  Perlas  Is¬ 
lands,  where  the  rate  was  nearly  20%.  This  finding  prompted 
them  to  suggest  that  Chagres  virus  might  be  endemic  in  Las 
Perlas  Islands. 

The  ecological  characteristics  of  Las  Perlas  Islands  make 
them  an  ideal  area  to  investigate  the  endemic  maintenance 
cycle  of  Chagres  virus,  if  it  is  indeed  endemic  there.  This 
is  because  the  species  diversity  of  the  resident  fauna  is 
quite  limited  as  compared  to  mainland  Panama.  For  example 
less  than  10  species  of  sandflies  are  known  from  Las  Perlas 
Islands,  while  nearly  100  have  been  described  from  mainland 
Panama . 

Prior  to  initiating  field  studies  in  Las  Perlas,  it  is  nece¬ 
ssary  to  confirm  the  observations  of  Srihongse  and  Johnson 
and  demonstrate  that  the  virus  is,  in  fact,  endemic  there. 

DESCRIPTION:  Blood  samples  were  collected  from  residents 

of  San  Migel  on  Isle  del  Rey  and  of  Pedro  Gonzalez  on  Isle 
Pedro  Gonzalez  on  30  and  31  May  1979.  Blood  samples  were 
collected  primarily  from  school  children.  Light  traps  were 
also  operated  in  and  around  both  cities  in  an  attempt  to  co¬ 
llect  sandflies.  Collections  were  also  made  by  mechanical  as¬ 
pirators  around  buttress  trees  in  both  localities. 

Sera  from  Las  Perlas  Islands  were  tested  by  plaque  reduction 
neutralization  tests  (PRNT)  at  a  1:4  dilution  against  20-50 
plaque  forming  units  of  Chagres  virus  on  Vero  cells  grown  in 
96  well  panels  following  procedures  described  earlier. 

Sandflies  collected  in  Las  Perlas  Islands  were  identified  by 
Dr.  Byron  Chaniotis  of  Preventive  Medicine  Department,  U.  S. 
Army,  Canal  Zone. 

PROGRESS:  280  blood  samples  were  collected  from  residents 

of  San  Miguel  and  Pedro  Gonzalez.  Sera  were  collected  pri¬ 
marily  from  school  aged  children,  although  some  adults  and 
younger  children  were  also  sampled.  All  sera  have  been 
screened  for  antibody  to  Chagres  virus  at  a  1:4  serum  dilu- 
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tion,  and  none  were  considered  positive.  Some  sera  were  +  , 
which  may  indicate  antibody  to  a  heterologous  Phlebotomus 
group  virus.  Results  are  summarized  in  Table  11  . 

A  total  of  235  sandflies  of  6  species  were  collected  from 
Las  Perlas  Island.  Lutzomyia  cayennenis  and  L_^  tr inidaden- 
sis  were  the  most  abundant  species  collected.  Two  anthropo- 
philic  species  were  collected,  L.  gomezi  and  a  single  speci¬ 
men  of  L^  panamensis .  Results  of  these  collections  are  sum¬ 
marized  in  Tablel2. 

COMMENT:  Results  of  our  serological  survey  failed  to  docu¬ 

ment  the  endemic! ty  of  Chagres  virus  in  Las  Perlas  Islands. 
It  is  possible  that  Chagres  virus  was  endemic  some  time  in 
the  past,  but  is  no  longer  prevalent,  and  our  sample  failed 
to  include  sufficient  adults  to  document  this  since  school- 
aged  children  were  primarily  sampled. 

It  is  also  possible  that  the  HI  test  used  by  Srihongse  and 
Johnson  failed  to  differentiate  antibody  to  Chagres  virus 
from  antibody  to  another  heterologous  Phlebotomus  group  vi¬ 
rus,  and  that  their  results  actually  reflect  the  prevalence 
of  or.e  or  more  additional  Phlebotomus  fever  group  viruses. 
Tesh  et  al  (1975)  demonstrated  previously  that  the  III  test 
is  more  cross-reactive  than  the  PRNT.  We  plan  to  test  all 
sera  collected  against  each  recognized  Panamanian  strains 
of  Phlebotomus  fever  virus  in  an  attempt  to  resolve  this 
point . 

Our  preliminary  results  do  not  justify  the  establishment  of 
investigations  of  the  endemic  maintenance  cycle  of  Chagres 
virus  in  Las  Perlas  Islands.  Consequently,  we  will  continue 
to  search  for  a  suitable  study  site. 
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Table  11.  Summary  of  plaque  reduction  neutralization  test 
results  on  280  sera  collected  from  2  localities 
in  the  Perlas  Islands,  Panama,  May,  1979,  and 
tested  at  a  1:4  serum  dilution  against  20-50 


plaque 

cells 

forming 
grown  in 

units  of 
culture . 

Chagres  virus 

on  Vero 

Pedro  Gonzalez 

Age 

Pos* 

4.  k 

Neg .  * 

Total 

<4 

1 

1 

2 

5-6 

1 

10 

11 

7-8 

15 

15 

9-10 

18 

18 

11-12 

18 

18 

13  or  older 

36 

36 

Total 

2  (2%) 

98 

100 

San  Miguel 

<  4 

1 

2 

3 

5-6 

11 

11 

7-8 

31 

31 

9-10 

26 

26 

11-12 

1 

31 

32 

13  or  older 

3 

74 

77 

Total 

5  (2.8%) 

175 

180 

*  Pos=*9Q%  reduction;  +*  50-89%  reduction;  Neg=£  49%  reduction. 
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Tablel2.  Phlebotomine  sandflies  collected  in  Las  Perlas 
Islands-,  Panama,  30-31  May  1979. 


Species 

Light  Trap 

Aspirated 

San  Miguel? 

Lutzomyia  cayennenis 

60  * ,  29  $ 

4  ,  3  5 

L.  gomezi* 

6<?  ,  17  $ 

L.  micropyga 

3  & 

L.  panamensis* 

lcT 

L.  trinidadensis 

l<f  4  9 

28  cf ,  18! 

Pedro  Gonzalez: 

L.  atroclavata 

lcf 

3  &  1  % 

L.  micropyga 

2  <? 

2  a 

L,  trinidadensis 

19 <f  22  $5 

7  4  9 

*  anthropohilic  species 
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Appendix  la. 


Informed  consent  form,  facing  page. 


VOLUNTEER  AGREEMENT 
(Military  Personnel) 


I, _ ,  having  ijull  capacity  to  consent, 

do  hereby  volunteer  to  participate  in  a  research  study  entitled: 
Sandfly  fever  viruses  among  American  military  stationed  Panama 
under  the  direction  of  MAJ  James  LeDuc. 

The  implications  of  my  voluntary  participations;  the  nature,  dura¬ 
tion  and  purpose;  the  methods  and  means  by  which  it  is  to  be  con¬ 
ducted;  and  the  inconveniences  and  hazards  which  may  reasonably 

be  expected  have  been  explained  to  me  by  _ ,and 

are  set  forth  on  the  reverse  side  of  this  agreement,  which  1  have 
initialed.  I  have  been  given  an  opportunity  to  ask  questions  con¬ 
cerning  this  investigational  study,  and  any  such  questions  have 
been  answered  to  my  full  and  complete  satisfaction. 

I  understand  that  I  may  at  any  time  during  the  course  of  this  stu¬ 
dy  revoke  my  consent,  and  withdraw  from  the  study  without  prejudice 
however,  I  may  be  required  to  undergo  certain  further  examinations, 
if  in  the  opinion  of  the  attending  physician,  such  examinations  are 
necessary  for  my  health  or  well  being. 


Signature  Date 

I  was  present  during  the  explanation  referred  to  above,  as  well  as 
the  volunteer's  opportunity  for  questions,  and  hereby  witness  his 
signature . 


Witness'  Signature 


Date 


Appendix  lb.  Informed  consent  form,  opposite  page. 

So  you’ll  know 

We  are  attempting  to  tatce  blood  samples  from  all  military  per¬ 
sonnel  assigned  to  field  units  in  Panama.  We  hope  to  get  a  sample 
from  you  at  the  time  you  are  assigned  to  your  unit,  another  before 
you  rotate  out,  and  one  or  two  during  your,tour  here.  These  sam¬ 
ples  will  be  tested  to  see  if  you  have  developed  immunity  to  cer¬ 
tain  tropical  diseases  while  you  were  in  Panama.  The  information 
we  get  from  this  study  will  help  us  to  evaluate  the  need  for  de¬ 
velopment  of  new  vaccines  aghast  these  tropical  diseases. 

As  a  volunteer  in  this  study,  you  must  be  aware  of  the  risks 
involved.  We  will  be  taking  a  small  amount  of  blood  from  you  by 
venipuncture.  This  procedure  will  cause  momentary  discomfort, 
and  occasionally  will  leave  a  bruise  (hematoma)  where  the  blood 
was  drawn.  The  bruise  will  be  painless  and  will  disappear  over 
a  period  of  a  few  days.  Very  rarely  an  infection  may  result  from 
venipuncture.  If  this  happens,  you  will  be  treated  by  the  staff 
at  the  health  clinic.  The  number  of  blood  samples  drawn  from  you 
will  depend  on  how  long  you  stay  in  Panama;  ideally  we  would  like 
one  sample  every  year. 

We  will  test  your  blood  at  Gorgas  Memorial  Laboratory  and 
will  return  the  test  results  and  an  explanation  of  these  results 
to  you  at  your  unit  usually  within  a  few  months  of  collecting  the 
sample . 

Please  initial  the  bottom  of  this  page,  and  read  and  sign 
the  volunteer  agreement  on  the  other  side.  If  you  have  any 
additional  questions  regarding  this  study,  please  contact  MAJ 
LeDuc  or  his  staff  at  Gorgas  Memorial  Laboratory  Bldg  265,  An¬ 
con,  Telephone  52-5533/52-5544.  We  appreciate  your  cooperation 
in  helping  us  complete  this  important  study. 

Thanks , 


MAJ  LeDuc 

Gorgas  Memorial  Laboratory 


Your  initials 
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Appendix  2. 


Director  oS^Health  s*  10n  fr°m  Jo1*  Birriel> 


Health  Services 

SUBJECT:  Study  of  Tropical  Oiseases  Among  US  Military  Personnel 


M.D, 


AFZU-ME-CO  18  July  1979 


SEE  DISTRIBUTION 


1.  A  study  of  the  incidence  and  prevalence  of  tropical  diseases  among  US 
military  personnel  stationed  in  Panama  will  begin  on  or  about  1  August  1379. 
The  project  will  be  conducted  by  the  Gorgas  Memorial  Laboratory,  with  Major 
James  LeDuc  as  the  principal  investigator.  A  brief  summary  of  the  objec¬ 
tive  of  this  study  is  attached  for  your  Information.  The  study  has  been 
approved  by  Headquarters,  193d  Infantry  Brigade  (Canal  Zone). 

2.  Your  cooperation  with  Major  LeDuc  In  conducting  this  study  is  encouraged. 

3.  For  additional  information,  please  contact  Major  LeDuc  at  Gorgas  Memo¬ 
rial  Laboratory,  telephone  numbers  52-5533  and  52-5544. 


1  Inc!  TOMAS  BIRRIEL-CARJXWA,  M.D. 

as  Colonel,  HC 

Director,  Health  Services 

DISTRIBUTION 

Deputy  Commander  (Ops  a  Tng) 

Commander,  3d  Bn,  5th  Inf 
Commander,  4th  Bn,  20th  Inf 
Commander,  4th  3n,  10th  Inf 
Commander,  3d  Bn,  7th  SFG 
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23.  (U)  To  investigate  diseases  and/or  conditions  affecting  laboratory  animals  used 
specifically  for  military  research  to  enhance  production  quality  and  health  management 
and  to  provide  research  animals  free  of  known  or  potential  pathogens.  The  ability  to 
provide  clinical  diagnosis  to  laboratory  animal  problems  peculiar  to  the  WP.AIR  animal 
colonies  is  critical  to  the  specific  research  conducted  by  the  WRAIR.  The  establish¬ 
ment  of  a  disease  data  storage/retrieval  system  will  provide  unique  epizootiological 
information  not  available  from  any  other  laboratory  source. 

24.  (U)  Conventional  epidemiologic,  pathologic  and  microbiologic  methods  are  employed; 
unconventional  procedures  are  developed  as  needed. 

25.  (U)  78  10  -  77  09  Bacteriological  and  animal  data  was  stored  in  the  computer  for 
future  use.  Resistance  transfer  factors  of  Klebsiella  pneumoniae  have  been  passed  to 
conforms  and  are  now  being  molecularly  characterized.  New  broth  formulation  was  found| 
to  be  more  selective  and  sensitive  than  any  one  agar  medium  for  the  isolation  of  K 
pneumoniae.  Antibiotic  feeding  trials  were  started  for  evaluation  in  treatment  of 
guinea  pig  salmonellosis.  A  protein  antigen  has  been  extracted  from  Salmonella  typhi - 
murium  for  testing  past  or  present  guinea  pig  infections. 

Antigenic  diversity  was  found  in  cytomegalic  and  adenoviruses  isolated  from  Aotus  mon¬ 
keys.  Feline  panleukopenia-like  and  corona  viruses  were  isolated  from  government  owned| 
dogs  during  diarrhea  epizootic^  Rhinotracheitis  and  calciviruses  were  isolated  from 
sick  cats  at  the  WRAIR  colony.  Serological  evidence  indicated  infections  with  feline 
infectious  peritonitis  or  relM.ed  viruses.  High  kitten  mortality  was  associated  with 
thymic  lymphocytic  atrophy.  For  technical  report  see  Walter  Reed  Army  Institute  of 
Research  Annual  Progress  Report,  1  Oct  78  -  30  Sep  79. 
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Project  3M762770A802  MILITARY  PREVENTIVE  MEDICINE 

Work  Unit  Oil  Health  Care  and  Management  of  Laboratory  Animals 


Investigators: 

Principal:  M.  Rogul,  PhD  and  L.  N.  Binn,  PhD 
Associates:  CPT  D.  G.  Martin,  VC;  R.  L.  Marchwicki,  BS; 

CPT  S.  R.  Lamb  III,  VC;  J.  Brendle,  BS;  K.  F. 
Noon,  M  Sc;  R.  E.  Sims,  BS;  SP5  R.  E.  Thomas,  BS; 
SP4  M.  P.  Riley;  SP4  R.  A.  Von  der  Porten;  SP4 
L.  D.  Palmer;  SP4  R.  Soltero;  SP5  E.  Wolff, 

CPT  L.  A.  McKinney,  VC;  CPT  C.  Keenan,  VC; 

P.  Gemski,  PhD;  and  MAJ  R.  M.  Bunte,  VC 


Description: 


Investigate  diseases  and/or  conditions  affecting  laboratory 
animals  used  specifically  for  military  research  to  enhance 
production,  quality  and  health  management  and  to  provide 
research  animals  free  of  known  potential  pathogens. 


During  the  reporting  period  activities  have  included:  (1)  inves¬ 
tigation  of  microbiological  aspects,  bacterial  and  viral,  of 
morbidity  and  mortality  among  animal  colonies  at  the  WRAIR,  a 
two  year  comparison  (2)  characterization  of  Klebsiella  pneu¬ 
moniae  antibiotic  resistance  (3)  isolation  techniques  for 
K  pneumoniae  (4)  definition  of  Aotus  monkey  viruses  and  (5) 
epizootiology  of  laboratory  cat  diseases  (6)  studies  of  canine 
viruses  in  diarrheal  disease. 


The  criteria  and  designs  for  an  animal  disease  surveillance 
program  at  the  Walter  Reed  Army  Institute  of  Research  and 
related  facilities  were  described  (1).  The  Drogram  has  con¬ 
tinued  and  has  encompassed  4  major  areas:  (1)  identification 
of  pathogens  isolated  from  sick  or  moribund  animals,  (2)  rou¬ 
tine  survey  of  the  rodent  production  colonies  to  include  viral 
serology,  (3)  special  surveys  for  any  animal  disease  problems, 
and  (4)  reduction  of  the  data  to  a  form  that  is  compatible 
with  data  processing. 
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Progress  September  1977  through  August  1978:  In  addition  to 
epizootiological  studies  of  disease  problems  among  owl  monkeys 
in  the  WRAIR  colony,  specimens  were  received  from  sick  or 
moribund  monkeys  for  qualitative  aerobic  and  anaerobic  bacte- 
riologic  examination.  Specimens  were  examined  from  approximately 
76  sick  Aotus  monkeys.  Klebsiella  pneumoniae  was  isolated  from 
throats,  feces,  vaginas,  wounds,  or  abscesses  of  18  of  these 
monkeys.  Staphylococcus  aureus  was  the  second  most  frequent 
pathogen  isolated  (15  times)  and  sometimes  was  found  in  con¬ 
junction  with  K  pneumoniae.  The  most  common  sources  of 
S  aureus  was  aFscesses,  wounds,  eyes,  or  throats.  Pseudomonas 
aeruginosa  was  isolated  thrice  and  Streptococcus  pyogenes  once. 
Listeria  monocytogenes  was  recovered  from  1  aborted  fetus,  and 
the  organism  also  was  isolated  from  a  vaginal  specimen  from 
the  mother. 

Specimens  were  examined  for  46  owl  monkeys  that  died  during 
the  report  period.  As  expected,  K  pneumoniae  was  the  principal 
bacterium  recovered.  This  organism  was  isolated  from  24  of  the 
monkeys,  mainly  from  tissues  that  usually  are  sterile.  All 
typable  isolates  were  biotype  indole  negative,  serotype  2.  Two 
monkeys  yielded  untypable  serotypes  which  were  biotype  indole 
positive.  Six  of  the  monkeys  had  died  during  a  nephrology 
study.  Pseudomonas  mal tophi 11a,  an  opportunist,  was  cultured 
from  4  of  these  monkeys  after  necropsy.  Fourteen  owl  monkeys 
yielded  single  isolations  of  Gram  negative  enteric  bacilli  from 
necropsy  tissues.  Other  bacteria  isolated  included  L  monocy¬ 
togenes  and  a  few  other  bacteria  which  did  not  form  a  specific 
class.  Eight  of  the  46  dead  monkeys  had  mixed  bacterial 
infections.  By  contrast,  the  necropsy  tissues  examined  for 
an  additional  8  monkeys  were  bacteriologically  sterile. 

Respiratory  disease,  and  occasionally  a  case  of  intestinal 
disease,  continues  to  be  the  principal  cause  of  morbidity  and 
mortality  among  the  other  subhuman  primate  species.  Specimens 
were  received  from  14  sick  baboons.  The  major  pathogens  found 
were  S  aureus  in  4,  Pasteurella  multocida  in  3,  and  Shigella 
flexneri  in  1.  Three  baboons  died,  2  from  mixed  bacterial 
infections  and  1  from  S  flexneri.  Twenty  rhesus  monkeys 
became  sick  and  8  died  during  the  year.  Four  of  the  rhesus 
were  included  in  a  study  that  required  the  use  of  indwelling 
catheters.  Each  of  these  had  developed  P  aeruginosa  and 
S  aureus  infections.  For  the  8  rhesus  monkeys  that  died,  there 
was  no  significant  bacterium  common  to  the  deaths.  Ten  cyno- 
molgus  monkeys  died;  however,  no  major  or  common  pathogens 
were  isolated. 
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Diagnostic  specimens  were  received  from  dogs,  cats,  and  rabbits 
for  bacteriologic  examination.  Most  of  the  specimens  from  17 
sick  and  8  dead  dogs  were  received  in  conjunction  with  viral 
respiratory  disease.  No  specific  bacterial  pathogens  were 
noted,  except  for  5  isolations  of  Bordetella  bronchi septica. 
Pasteurella  multocida  was  isolated  from  3  sick  cats  and 
B  bronchi septica  from  an  additional  3.  Otherwise,  no  princi- 
pal  pathogens  were  isolated  from  the  specimens  submitted  from 
28  sick  and  5  dead  cats,  most  with  respiratory  disease  and/or 
conjunctivitis.  Specimens  from  46  rabbits  were  examined.  The 
feces  of  many  of  these  rabbits  contained  large  numbers  of  Gram 
negative  rods,  especially  K  pneumoniae  and  other  Enterobac- 
teriaceae.  The  majority  o7  the  samples  other  than  feces  were 
swab  specimens  of  the  nasal  cavity  and  skin  lesions.  Pasteur¬ 
ella  multocida  4  isolates  and  B  bronchi septica  4  isolates  were 
the  significant  organisms  isolated  from  these  specimens.  An 
additional  group  of  specimens  was  received  from  52  moribund 
rabbits.  The  major  bacterial  pathogens  recovered  from  necropsy 
tissues  were  P  multocida  15  isolates,  K  pneumoniae  9  isolates, 

P  aeruginosa  To  isolates,  and  E  col i  8  isolates.  Some  of  the 
Bead  rabbits  had  been  housed  in  a  USAIDR  facility  where  rabbits, 
rats,  mice,  and  guinea  pigs  were  maintained  in  the  same  room. 

The  close  proximity  resulted  in  cross  infection  among  the 
different  species.  Gentamycin  was  determined  to  be  the  anti¬ 
biotic  of  choice  for  treating  all  the  bacterial  and  mycoplasma 
pathogens  detected. 

The  routine  surveillance  and  quality  control  program  continued 
to  detect  those  pathogens  or  opportunists  most  likely  to  be 
encountered  diagnostically.  On  30  January  1978,  Salmonella 
typhl murium  var.  Copenhagen  (Group  B  serotype)  was  detected 
during  the  routine  survey  of  the  WRAIR  guinea  pig  colony. 
Detection  of  the  pathogen  occurred  prior  to  the  onset  of  overt 
signs  of  illness.  This  organism  appeared  to  be  highly  infec¬ 
tious,  but  of  low  virulence,  for  guinea  pigs.  The  major  signs 
of  disease,  when  expressed,  were  weight  loss,  slight  alopecia, 
and  unthriftness.  Premature  deaths  due  to  salmonellosis  were 
not  observed.  The  isolate  of  S  typhimurium  was  sensitive  to 
neomycin,  chloramphenicol,  gentamycin,  and  ampicillin,  and 
was  of  intermediate  sensitivity  to  tetracycline  and  strepto¬ 
mycin.  Since  some  forms  of  salmonellosis  are  refractory  to 
in  vivo  antibiotic  therapy,  an  enhanced  system  of  culling  also 
was  instituted  in  conjunction  with  increased  bacteriologic 
surveillance.  Examination  of  pooled  fecal  samples  from  each 
cage  showed  that  the  outbreaks  occurred  sporadically  from  one 
cage  to  another  in  each  of  the  2  guinea  pig  rooms.  Cultures 
positive  for  S  typhimurium  were  detected  each  month  from 
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February  through  July.  All  fecal  specimens  tested  in  August 
were  negative.  Continued  surveillance  testing  will  verify 
whether  eradication  of  the  enzootic  foci  has  been  attained. 

In  May  and  August  1977,  a  malonate  negative  biotype  of  K  pneu¬ 
moniae  (or  possibly  K  ozaenae)  was  isolated  from  intestinal 
and  stomach  abscesses  of  each  of  2  rats  during  the  routine 
survey  of  the  production  colony.  Similar  abscesses  caused  by 
a  malonate  negative  strain  of  K  pneumoniae  were  detected  in  the 
intrapelvic  region  of  a  rat  provided  in  November  1977  to  the 
Department  of  Gastroenterology,  Division  of  Medicine.  At  that 
time  it  was  not  anticipated  that  these  findings  would  portend 
an  epizootic  of  Klebsiella  infection  in  the  rat  colony.  How¬ 
ever,  in  August  1978  such  an  epizootic  commenced.  A  total  of 
23  infected  rats  have  been  observed.  Each  infected  rat 
exhibited  large  abscesses  of  the  ventral  cervical  region, 
commonly  affecting  the  cervical  lymph  nodes.  Occasionally 
there  also  was  involvement  of  the  inguinal  lymph  nodes.  Kleb¬ 
siella  pneumoniae,  serotype  5,  was  isolated  from  both  groups 
of  lymph  nodes,  as  well  as  from  the  lungs,  liver,  spleen,  and 
kidneys  of  affected  rats.  Antibiotic  sensitivity  tests  indi¬ 
cated  the  causative  agent  was  sensitive  to  gentamycin,  tetra¬ 
cycline,  kanamycin,  amakacin,  chloramphenicol,  sulfa,  and 
neomycin,  but  was  resistant  to  lincomycin  and  carbenicillin. 
Further  investigations  have  been  initiated  to  define  this 
disease  syndrome  and  to  establish  definitive  corrective 
measures,  especially  since  Klebsiella  sp  have  not  been  asso¬ 
ciated  with  nautrally  transmissible  diseases  of  rats.  During 
the  report  period,  detectable  disease  problems  caused  by 
bacteria  were  not  observed  among  the  mouse  colonies. 

Overt  diseases  caused  by  viruses  were  not  observed  among  the 
animals  of  the  WRAIR  mouse,  rat,  and  guinea  pig  colonies. 

The  presence  of  select  viral  infections  among  these  animals, 
however,  was  detected  by  routine  seroassay  surveillance  of 
the  colonies.  The  rats  commonly  had  moderately  high  and 
prevalent  antibody  titers  to  PVM,  Kilham  rat  virus,  rat  corona- 
virus,  and  Sendai  virus,  but  were  seronegative  for  LCM  virus 
antibodies.  Guinea  pigs,  likewise,  were  infected  with  and  had 
moderate  antibody  titers  to  PVM.  Infection  of  guinea  pigs 
with  SV5  and  Sendai  viruses  was  sporadic.  Seroassay  results 
for  August  through  October  1977  showed  a  significant  fre¬ 
quency  of  infection  among  the  3  mouse  colonies  with  PVM, 

Sendai  virus,  and  MHV  (Table  1).  A  decision  was  made  in 
December  1977  to  terminate  1  of  the  mouse  colonies  because  of 
the  prevalence  of  these  viral  infections,  especially  MHV,  and 
the  potential  deliterious  effects  the  agents  could  have  on 
research  projects.  A  new  mouse  colony  was  established  in 
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Room  3  of  Bldg  512  in  January  1978  using  mice  obtained  from 
the  Portage  Colony  of  Charles  River.  Mice  from  the  new  colony 
were  seronegative  upon  arrival  for  antibodies  to  each  of  the 
select  viruses.  Infections  with  the  almost  ubiquitous  Sendai 
virus,  however,  developed  among  mice  of  the  new  colony  within 
the  first  90  days  after  being  established.  Within  180  days, 
mice  seropositive  for  PVM  and  MHV  were  identified.  Thus,  the 
existing  barrier  system  did  not  prevent  cross-contamination  with 
and  concomitant  infection  of  mice  in  the  new  colony.  The 
relative  rapidity  with  which  the  3  viruses  penetrated  the 
barrier  system  primarily  was  attributed  to  deficiencies  in 
design  and  construction  of  Bldg  512. 

A  data  storage  and  retrieval  system  was  developed  as  an  adjunct 
to  the  surveillance  and  quality  control  program.  The  data 
base  contained  a  capacity  for  bacteriologic  and  mycoplasmal 
results,  and  also  had  a  limited  capacity  for  viral  and  myco- 
logic  findings.  During  the  report  period,  programs  were  written 
for  a  data  submission  sheet  and  work  sheets  for  aerobic  and 
anaerobic  bacteria  and  mycoplasma  studies.  These  programs 
currently  are  in  the  first  generation  of  editing  and  develop¬ 
ment. 

September  1978  through  August  1979:  During  the  reporting 
period  1  September  1978  to  31  August  1979  the  WRAIR  Aotus 
colony  numbered  between  200  to  250  monkeys  in  Bldg  511.  Speci¬ 
mens  were  bacteriologically  examined  in  15  instances  (compared 
to  76  instances  the  previous  reporting  period  for  a  similar 
sized  colony).  Staphylococcus  aureus  was  the  most  frequent 
pathogen  isolated  (6  times)'  from  eye  and  throat  specimens. 
Pseudomonas  aeruginosa  was  isolated  three  times  and  Klebsiella 
pneumonlae~only  once  compared  to  18  times  the  previous  fiscal 
year. 

Specimens  were  examined  from  33  owl  monkeys  that  died  during 
this  period.  K  pneumoniae  was  only  isolated  from  two  monkeys 
of  the  33  (6%)  compared  to  24  of  46  dead  (52%)  the  previous 
year.  Streptococcus  vlridans,  S  aureus  and  Enteric  organisms 
consisting  of  Proteus  species  and  Escherichia  col i  were  the 
bacteria  predominantly  associated  with  monkey  deaths. 

Twelve  screening  surveys  were  conducted  for  K  pneumoniae.  No 
solid  conclusions  were  derived  from  the  data  except  that  iso¬ 
lations  appeared  to  be  highest  after  monkeys  were  fed  oranges. 
The  most  striking  finding  was  the  reduction  in  the  isolation 
of  K  pneumoniae  from  necropsy  specimens.  The  reason  for  this 
sudden  change  is  unknown.  It  may  be  that  most  of  the  suscep- 
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tible  monkeys  have  died,  or  since  the  ventilation  in  Rooms 
202J  and  K  seemed  to  have  improved  in  the  last  year,  as  evi¬ 
denced  by  lower  levels  of  NH-  in  these  rooms  and  the  quicker 
response  of  maintenance  crews  to  complaints  of  air  handler 
break  downs,  it  may  be,  in  part,  that  this  K  pneumoniae 
reduction  was  a  response  to  the  better  air  quality  in  the 
building. 

From  the  other  subhuman  primates,  23  sick  Cynomalgus  (M.  fasic- 
ularis)  occasions  were  logged  in  the  bacteriological  records. 

S  aureus  was  the  most  often  isolated  bacterium,  usually  from 
nose  and  throat  cultures  (9  times,  possibly  12).  Three  isola¬ 
tions  were  probably  suppressed  because  of  successful  antibiotic 
therapy.  One  case  of  Shigella  flexneri  was  found.  Ten  ill¬ 
nesses  could  not  be  attributed  to  bacterial  causes.  Only  two 
of  these  monkeys  died  during  this  period. 

In  the  Rhesus  monkey  colony  (M.  mulatta)  only  11  of  100-150 
were  examined  for  bacterial  disease.  S  aureus  was  found  on 
two  occasions.  The  isolations  of  S  aureus  in  the  Rhesus, 
Cynomolgus  and  Owl  monkey  colonies  coincided  with  the  finding 
of  ^  aureus  on  throat  cultures  from  the  animal  technicians  and 
caretakers  in  these  areas.  Seven  necropsied  Rhesus  monkeys 
were  examined.  Bacterial  diseases  did  not  seem  to  be  a  major 
factor  in  the  deaths  of  Rhesus  monkeys. 

Diagnostic  specimens  were  received  from  dogs,  cats  and  rabbits 
for  bacteriological  examination.  Thirty- four  instances  of 
dog  illnesses  were  recorded,  ten  of  these  were  animals  under 
experimentation.  Some  of  these  dogs  (5  or  7)  were  new  arrivals 
that  were  suffering  from  distemper.  The  latter  dogs  suffered 
and  died  with  a  variety  of  concomitant  bacterial  illnesses, 
including  septicemic  Clostridium  perfringes.  S  aureus,  E  col i 
and  Beta-hemolytic  streptococci  were  the  most  frequent  iso¬ 
lates  from  sick  animals.  Three  of  the  experimental  dogs  were 
infected  with  Aeromonas  hydrophila.  Twenty-one  necropsied 
dogs  were  examined  for  bacterial  pathogens  (5-7  deaths  were 
probably  distemper  associated).  Beta-hemolytic  Streptococcal 
bacteria  (4  times)  and  E  coli  (5  times)  were  the  most  often 
isolated  organisms,  but  neither  appeared  to  be  a  significant 
pathogen. 

At  least  eleven  cases  of  sick  cats  occurred.  Seven  of  these 
cases  were  in  September  and  October.  Beta-hemolytic  strepto¬ 
cocci  were  isolated  from  the  nasal  passages  of  4  animals, 
Bordetella  bronchi septica  from  two,  £  mu 1  toe i da  from  1  cat, 
and  Mycoplasma  sp  from  the  eyes  of  two  cats.  Only  six  cats 
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were  necropsied  during  the  year.  No  bacterium  was  isolated 
more  than  once  from  these  six  cats.  A  special  investigation 
of  cats  in  a  neuropsychiatry  study,  showed  that  the  cats 
were  performing  poorly  because  Enterobacter  cloacae  and 
P  aeruginosa  (and  their  concomitant  metabolites)  were  in  the 
saline  solutions  used  in  the  experiments. 

Sixteen  dead  rabbits  were  examined.  Seven  of  the  deaths  were 
attributed  to  P  multocida. 

In  the  WRAIR  rodent  breeding  colonies  there  did  not  appear  to 
be  any  infectious  disease  problem  in  the  mouse  colony  as  no 
specimens  were  sent  to  the  bacteriology  laboratory  during  the 
year. 

The  specimens  received  from  the  guinea  pig  colony  did  not 
reflect  the  chronic  salmonellosis  previously  found  in  this 
colony.  Of  the  1  sick  and  10  dead  guinea  pigs  examined,  none 
yielded  positive  salmonella  cultures.  This  was  probably  due 
to  the  effective  testing  and  culling  system.  Within  the  last 
three  months  there  was  no  $  typhi murium  isolated  on  4  occasions 
which  cultured  598  drawers  of  pooled  feces.  However,  there  is 
always  the  danger  that  these  organisms  were  sequestered  in  the 
liver  and  spleen  and  not  being  shed  in  the  feces  with  great 
frequency.  Therefore,  research  is  now  in  progress  to  treat 
these  guinea  pigs  with  effective  antibiotics  and  devise  ocular 
or  dermal  delayed  hypersensitive  tests  which  will  demonstrate 
past  or  present  infections. 

Culling  rats  with  obvious  ventral  cervical  abscesses  has  not 
completely  eradicated  the  disease  caused  by  K  pneumoniae 
serotype  5.  Five  sick  rats  during  the  year  and'  one  dead  rat 
were  infected  principally  with  this  organism.  Twenty-four 
dead  rats  obtained  from  necropsy  were  bacteriologically 
examined.  Three  apparently  died  because  of  K  pneumoniae 
infection,  but  8  of  the  dead  animals  were  infected  with 
Corynebacterium  kutscheri  and  this  seemed  to  be  the  main 
cause  of  deatTi.  Pasteurella  pneumotropica  was  isolated  from 
only  one  rat  in  September  1978  and  not  since.  Twelve  experi¬ 
mental  animals  were  investigated  in  a  special  survey.  Two 
dead  animals  had  C  kutscheri  isolated  from  their  lungs,  E  col i 
from  2  lungs,  and  K  pneumoniae  and  £  pneumotropica  from  one 
lung  each. 

Surveillance  of  the  WRAIR  rodent  colonies:  The  routine  micro¬ 
bial  survey  of  the  guinea  pig,  rat  and  mice  colonies  did  not 
detect  any  mycoplasmas  in  the  rat  or  mice  colonies.  In  March 
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and  July  1979,  Pasteurella  species  (probably  P  pneumotropica) 
were  isolated  from  two  apparently  healthy  guinea  pigs.  In 
September  1978  and  March  1979  the  organism  was  isolated  from 
two  rats  and  P  pneumotropica  was  isolated  from  9  mice  from 
February  to  June  1979.  The  presence  of  this  organism  and  other 
bacterial  opportunists  such  as  C  kutscheri  are  undesirable  as 
they  are  known  to  proliferate  and  debilitate  animals  that  are 
stressed  by  inycoplasma,  bacteria,  viruses  and  experimentation. 

Viral  seroassays  indicated  that  the  mice  were  still  infected 
with  Sendai,  PVM  and  MHV  viruses.  The  rats  were  seropositive 
for  PVM,  Kilham  rat  virus,  Sendai  and  to  some  degree  with 
Rat  corona  virus.  The  guinea  pigs  had  antibodies  to  PVM,  SV5 
and  Sendai  viruses.  None  of  the  rodents  had  antibody  to  LCM 
virus. 

Data  from  morbidity  and  mortality  reports  is  now  being  entered 
and  stored  in  the  WRAIR  computer. 

Bacteriology  support  was  provided  to  other  government  institu¬ 
tions  during  the  year.  Specimens  from  5  monkeys,  6  dogs,  8 
cats,  107  rabbits  and  a  number  of  exotic  laboratory  animals 
were  cultured  and  processed. 

2.  Selective  isolation  methods  for  low  numbers  of  Klebsiella 
pneumoniae! 


The  occurrence  of  Klebsiella  pneumoniae  pathogens  in  the  Aotus 
monkey  and  Wistar  rat  colonies  requires  that  a  constant 
monitoring  and  treatment  scheme  be  available.  Except  for  the 
general  selective  and  enrichment  enteric  media,  there  was  until 
recently  no  specific  scheme  for  K  pneumoniae.  Recently, 

Bagley  and  Seidler  (2)  devised  a~MacConkey  agar  medium  con¬ 
taining  inositol  and  carbenicillin  (IC  agar)  specifically  for 
the  selection  and  identification  of  K  pneumoniae.  Since 
far  fewer  Aotus  deaths  were  being  associated  with  K  pneumoniae 
during  the  last  year  and  culling  practices  had  reduced  the 
number  of  the  most  obviously  infected  rats,  it  became  necessary 
to  culture  large  numbers  of  specimens  with  probably  lower 
numbers  of  K  pneumoniae.  The  monitoring  required  a  rapid, 
sensitive  and  highly  selective  medium  to  detect  K  pneumoniae. 

To  this  end  a  broth  variation  of  Seidler' s  agar  medium  was 
devised  and  tested. 

The  enrichment  broth  had  the  following  composition:  Bacto- 
peptone,  20  gm;  Bacto-inositol ,  10  gm;  Bacto-oxgall ,  5  gm;  60% 


1  586 


stock  neutral  red  dye,  0.14  p;  and  geopen  carbenicillin 
activity  =  900  u/mg)  0.07  gm  in  one  liter  water  and  adjusted  to 
pH  7.3  (IC  broth).  Specimens  consisting  of  swabs  or  feces  were 
each  inoculated  directly  to  MacConkey  agar.  Brilliant  green 
agar  (BGA)  and  IC  agar  (direct  methods).  This  was  then  compared 
to  inoculation  of  IC  broth  procedures.  The  IC  broth  was 
observed  for  3  days.  Any  broth  which  indicated  acid  production 
due  to  inositol  fermentation  was  immediately  inoculated  on  to 
MacConkey  agar.  The  results  of  both  throat  and  rectal  isolates 
were  found  to  be  close  when  the  direct  methods  (67%  positive 
isolation)  were  compared  to  the  enrichment  method  (71%  K 
pneumoniae)  isolation.  However,  the  direct  agar  methods  required 
648  plates  of  agar  to  be  processed  (216  specimens)  whereas  only 
48  of  the  216  IC  broths  were  inoculated  to  48  MacConkey  agar 
plates.  Since  the  broths  were  selectively  enriched  the  plates 
did  not  require  searching  for  K  pneumoniae  colonies.  Most  of 
the  strains  isolated  and  testecF,  agglutinated  in  all  of  the 
K  pneumoniae  antisera  pools.  Of  those  which  were  typable,  the 
majority  were  capsular  types  2  and  68.  There  were  occasions 
when  fecal  isolates  appeared  to  be  found  in  one  method  and 
not  the  other,  but  this  is  being  further  investigated  because 
the  direct  agar  isolates  may  have  been  Enterobacter  species 
as  well  as  Klebsiella  sp.  The  results  were  Klebsiella^ 
Enterobacter  (K-E)  found  exclusively  on  the  three  direct  agar 
isolation  were  12  of  216  specimens  (6%),  exclusively  in 
enrichment  method  14  of  216  (7%)  whereas  35  of  216  were  in 
complete  agreement  in  both  methods.  The  greatest  discrepancies 
were  found  when  the  individual  agars  were  compared  to  the  broth 
methods.  One  hundred  twenty  three  (123)  fecal  samples  were 
examined.  From  the  broth  method  21  K  pneumoniae  verified 
isolates  were  identified,  compared  to  14  K-E  isolates  from 
MacConkey  agar,  13  from  BGA  and  8  from  IC  agar.  It  was  obvious 
that  the  enrichment  method  was  better  able  to  isolate 
K  pneumoniae  than  any  direct  agar  medium  alone. 

3.  Search  for  resistance  transfer  factors  in  antibiotic 

resistant'  Klebsiella  pneumoniae  isolates  from  Aotus  monkeys . 


The  most  frequent  bacterium  associated  with  Aotus  trivirgatis 
deaths  is  Klebsiella  pneumoniae  capsule  type  2  and  indole 
negative.  Generally,  these  and  the  untypable  indole  positive 
isolates  were  antibiotic  sensitive.  On  two  occasions  indole  +, 
untypable  K  pneumoniae  isolated  from  two  dead  Aotus  monkeys 
were  found  to  be  multiply  resistant  to  antibiotics.  We  have 
also  isolated  non-type  2,  indole  negative  strains  which  were 
multiply  resistant.  All  of  the  environmental  isolates  tested 
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were  sensitive  to  all  the  antibiotics  tested  except  ampicillin. 
Most  of  these  results  were  recorded  in  the  WRAIR  Annual  Report 
1977-1978. 

The  possibility  exists  that  the  resistances  may  in  part  have 
been  due  to  plasmids  and  that  these  plasmids  are  transmissible 
among  K  pneumoniae  strains  and  other  species  of  Enterobacte- 
riaceae. 

Four  antibiotic  resistant  aotus  isolates  were  chosen  for  this 
study.  They  are  listed  and  described  in  Table  2. 

The  original  four  resistant  cultures  were  also  treated  with 
ethidium  bromide  to  cure  the  clones  of  plasmids  and  increase 
the  number  of  recipient  antibiotic  sensitive  and  indole 
negative  clones.  None  of  the  216  clones  tested  reverted  from 
indole  +  to  indole  -  and  fewer  antibiotic  sensitive  clones 
were  found  as  compared  to  those  which  spontaneously  reverted 
to  sensitivity. 

It  is  possible  that  too  few  clones  were  tested,  that  once  cured 
the  cells  were  immediately  reinfected  or  that  the  ethidium 
bromide  did  not  penetrate  the  cells.  Controls  using  other 
Enterobacteriaceae  with  plasmids  were  cured  during  these 
experiments. 

Attempts  were  made  to  show  that  the  loss  of  antibiotic  resist¬ 
ance  coincided  with  a  plasmid  loss  also.  When  cleared  lysate 
methods  were  used  on  strains  120  and  27  the  organisms  failed 
to  lyse.  Another  method  which  used  a  lysis  salt  precipita¬ 
tion  (3)  to  obtain  plasmid  DNA,  did  work  for  an  ethidium 
bromide  treated  strain  of  27,  The  original  strain  was  resist¬ 
ant  to  penicillin  (P),  erythromycin  (E),  chloramphenicol  (C), 
streptomycin  (S)  and  tetracycline  (T)  and  had  two  plasmid  DNA. 
The  ethidium  bromide  treated  strain  was  sensitive  to  C,  T  and  S 
and  only  had  one  plasmid  DNA.  Thus  indicating  that  in  this 
strain  C,  T  and  S  resistance  were  linked  on  one  plasmid 
whereas  P  and  E  were  probably  on  another.  In  order  to  demon¬ 
strate  any  transmissibil ity,  relatedness  or  uniqueness  among 
these  plasmids,  mating  experiments  were  devised. 

Nitrosoguanidine  was  used  to  mutagenize  original  strains  120 
and  27.  It  was  hoped  that  this  would  produce  nutritional 
auxotrophs  which  could  donate  resistance  plasmids  to  plasmid 
cured  K  pneumoniae.  The  donors  would  then  be  inhibited  in 
subsequent  experiments  by  growth  on  deficient  media  which 
contained  the  proper  antibiotics.  Auxotrophic  strains  were 
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obtained  by  this  method.  Donor  auxotrophs  and  recipient 
nutritional  prototrophs  were  grown  together  in  broth  media  for 
mating  purposes.  The  mixture  was  then  grown  on  nutritional 
and  antibiotic  selective  media.  It  appeared  that  there  was 
some  kind  of  cross  feeding  and  cross  protection  because  both 
donor  and  recipient  strains  grew  out  on  the  selective  media 
even  though  subsequent  tests  showed  that  the  growth  was  not  due 
to  hybridized  conjugates. 

Donor-recipient  crosses  were  attempted  between  the  Klebsiella 
strain  donors  and  either  Shigella  flexneri  24570  or  Escherichia 
col i  C  600  recipients.  A  dilution  plating  method  was  used. 
Recipient  cells  were  to  be  chosen  by  either  picking  non-lactose 
fermenting  colonies  on  inhibiting  media  or  obvious  E  coli 
colonies.  Unfortunately,  the  K  pneumoniae  cells  also  trans- 
ferred  lactose  fermentation  an?  aid  not  seem  to  transfer 
resistance  to  either  of  these  E  coli  or  Sh  flexneri  strains. 
Another  E  coli,  but  the  same  SF  flexneri  strains  were  used  as 
recipients  in  a  different  mating  method,  but  as  of  this  date 
only  one  transconjugate  has  been  obtained  by  an  pensive 
plating  method;  K  pneumoniae  27g  (P,  C,  E,  S,  T)  N  SX  Sh 
flexneri  (sensitive) — >  Sh  flexneri  (P,  C,  S,  T)  E  .  Lysates 
have  not  yet  been  made  from  this  recipient. 

E  coli  3951  P+/,"CsEs^rTSSrNr  has  been  found  to  be  a  successful 
recipient  when  crossed  with  the  K  pneumoniae  strains  and 
Shigella  transconjugants.  The  streptotnycin  and  nalidixic 
resistance  of  this  strain  is  chromosome  and  not  plasmid.  The 
results  are  listed  in  Table  3.  It  is  now  obvious  that  all 
four  of  the  selected  K  pneumoniae  isolates  are  capable  of 
transfering  antibiotic  resistance  among  species  in  the 
Enterobacteriaceae.  It  remains  to  be  seen  if  these  resist¬ 
ances  are  related  by  plasmids  and  plasmid  gene  nucleotide 
sequences  and  can  be  transmitted  to  capsule  type  2  K  pneumoniae 
pathogens. 
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Virus  studies  of  adult  and  infant  Aotus  monkeys. 


Studies  on  the  isolation  and  identification  of  viruses  from  Aotus 
monkeys  were  reported  (4).  With  the  exception  of  a  single  Herpes 
virus  simplex  isolation  made  at  the  onset  of  this  study,  the  iso¬ 
lates  have  been  either  cytomegalo-like  viruses  (CMLV )  or  adeno¬ 
viruses.  During  the  past  year,  (1)  viral  isolation  studies  have 
continued  primarily  on  the  post-mortem  tissues  of  adult  and  infant 
monkeys,  (2)  immunologic  studies  were  begun  to  determine  the  sero¬ 
logic  relationships  among  the  CMLV  and  adenovirus  isolates,  (3) 
serologic  surveys  have  detected  measles  virus  and  human  hepatitis 
A  virus  antibodies  in  serums  from  Aotus  monkeys.  This  report 
summarizes  and  evaluates  the  newer  findings. 


The  CMLV  were  recovered  from  the  salivary  glands  and  throat  speci¬ 
mens  at  essentially  the  same  frequency  as  previously  reported  (4). 
Approximately  50%  of  the  salivary  glands  examined  contained  CMLV 
(Table  4).  Adenoviruses  were  recovered  from  the  rectal  swabs  of 
1  adult  and  1  infant  monkey.  The  remaining  organs  examined  were 
free  of  virus.  Further  studies  were  made  to  determine  the  per¬ 
sistence  of  CMLV  in  throat  secretions  of  Aotus  monkeys.  Two  years 
after  the  first  isolation,  4  of  5  monkeys  had  CMLV  in  their  oral 
secretions.  These  findings,  together  with  similar  observations 
made  previously  at  1,  2,  3  and  12  months  (4),  suggests  that  many 
Aotus  monkeys  have  a  long  lasting  persistent  CMLV  infection. 
Attempts  to  recover  CMLV  from  leukocytes  or  urine  of  these 
persistently  infected  monkeys  were  not  successful. 


Studies  of  the  antigenic  relations  among  CMLV  isolates  were  ini¬ 
tiated  during  the  past  year.  In  addition  to  the  reference  7933T 
virus,  two  other  isolates  were  examined.  They  were  selected  on 
the  basis  of  homologous  neutralization  with  little  or  no  neutral 
ization  of  the  reference  virus.  Each  of  these  two  isolates  pro¬ 
duced  typical  CMVL  cytopathic  effects  in  cell  cultures  and  was 
not  neutralized  by  reference  antiserums  against  other  human  and 
simian  herpesviruses.  The  isolates  were  purified  by  3  successive 
terminal  dilutions  and  seed  virus  pools  prepared.  Immune  sera 
against  these  3  CMLV  were  prepared  in  rabbits  with  serum-free 
virus  pools.  Results  of  microtiter  serum-neutralization  tests 
indicated  that  each  isolate  was  antigenically  distinct  (Table  5). 
The  only  cross  reaction  detected  was  a  minor  one-way  cross  reaction 
between  the  reference  7933T  and  43T  isolate,  further  studies  are 
required  to  identify  and  classify  the  remaining  CMLV  isolates. 
Additional  work  will  be  required  to  develop  tests  for  common  CMLV 
antigens  and  antibodies.  Such  tests  are  needed  to  rapidly  identify 
isolates,  detect  viral  antigens,  antibodies  and  their  complexes  in 
the  tissues  of  Aotus  monkeys. 
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Antigenic  studies  of  adenovirus  isolates  from  the  WRAIR  Aotus  mon¬ 
key  colony  also  were  carried  out.  Each  of  4  isolates  was  purified 
by  3  successive  terminal  dilutions  and  virus  pools  prepared.  Hyper¬ 
immune  antiserums  to  these  viruses  were  made  in  rabbits  with  serum- 
-free  virus  preparations.  During  these  studies,  Shroyer  et  al  (5) 
reported  the  recovery  of  3  adenovirus  types  and  2  untyped  isolates 
from  Aotus  monkeys  at  Letterman  Army  Institute  of  Research  (LAIR). 
Two  of  the  LAIR  adenoviruses  were  related  to  other  simian  adeno¬ 
viruses.  The  LAIR  Type  I  virus  was  neutralized  by  squirrel  monkey 
adenovirus  Type  I  antiserum  and  LAIR  Type  II  by  rhesus  monkey  SV 11 
adenovirus  antiserum.  Antiserum  to  the  LAIR  adenoviruses  was  pro¬ 
vided  by  Dr.  Shroyer.  Antisera  to  other  simian  adenoviruses  was 
provided  by  Dr.  Lester  of  South  West  Foundation  for  Medical  Re¬ 
search,  San  Antonio,  Texas.  Microtiter  serum  neutralization  tests 
were  done  to  determine  the  antigenic  relationships  of  the  WRAIR 
Aotus  adenoviruses  to  each  other  and  to  the  LAIR  adenoviruses. 

Cross  serum  neutralization  tests  of  the  WRAIR  isolates  revealed 
significant  differences  among  all  the  isolates  (Table  6).  However, 
one-way  cross  reactions  were  observed  between  several  pairs  and  in 
2  instances,  adenoviruses,  8138R-WR1 22R,  and  WR322R-WR122R,  the 
difference  in  titers  were  significant  in  both  directions.  The 
findings  suggested  that  there  are  several  Aotus  adenovirus  types. 
Initial  comparisons  of  the  WRAIR  Isolates  with  antiserums  against 
the  LAIR  and  related  adenovirus  supported  these  observations. 

(Table  7).  None  of  the  WRAIR  isolates  were  significantly  neutral¬ 
ized  by  the  LAIR  Types  I  or  II  or  related  simian  adenovirus  anti¬ 
serums.  The  WR32R  isolate  was  partially  neutralized  by  LAIR  III 
antiserum.  However,  two  of  the  remaining  3  isolates,  were  neutral¬ 
ized  at  high  titer  by  one  of  the  untyped  LAIR  adenovirus  antiserums. 
The  remaining  WRAIR  isolate  8138R,  did  not  react  significantly  to 
any  of  the  LAIR  antiserums. 

Two  of  the  isolates  are  antigenically  related  to  an  untyped  adeno¬ 
virus  from  LAIR  and  another  isolate  partially  related  to  the  LAIR 
Type  III.  The  findings  made  to  date  suggest  that  there  are  multiple 
Aotus  adenovirus  types  and  no  one  type  has  been  recovered  more  fre¬ 
quently  from  the  WRAIR  Aotus  colony.  Further  studies  are  required 
to  clarify  these  antigenic  relationships. 

In  addition  to  the  virus  isolation  studies,  serologic  tests  were 
done  to  detect  measles  and  hepatitis  A  viruses  antibodies  in  the 
WRAIR  Aotus  monkeys.  These  viruses  have  been  associated  with 
significant  disease  problems  in  other  species  of  sub-human  primates 
(6,7,8)  but  their  importance  for  Aotus  monkeys  has  not  been  de¬ 
termined.  Although  the  WRAIR  Aotus  monkeys  are  housed  in  separate 
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rooms,  potential  exposure  to  these  agents  may  occur  from  either 
other  monkeys  in  the  same  building  or  from  laboratory  workers. 
Hepatitis  A  virus,  also,  is  a  major  cause  of  disease  in  military 
populations  and  there  is  a  critical  need  for  laboratory  animals 
to  study  this  disease  (9). 

During  the  ,  ast  year  serum  specimens  have  been  obtained  from  nearly 
half  the  WRAIR  Aotus  colony.  Approximately  75%  (84  of  115)  of  the 
specimens  were  obtained  from  monkeys  originating  from  other  insti¬ 
tutes  or  licensed  vendors  and  the  remaining  serums  from  animals 
born  at  the  WRAIR.  The  latter  had  not  been  used  for  experimental 
purposes  and  were  8  or  more  months-old.  In  contrast,  many  of  the 
procured  monkeys  had  been  used  for  malaria  research,  cleared  of 
their  infections  and  shipped  to  WRAIR  for  breeding  studies. 


Examination  of  the  serum  specimens  of  these  monkeys,  revealed  that 
17  of  84  (20.3%)  of  the  procured  monkeys  had  hemagglutination- 
inhibition  (HI)  antibody  to  measles  virus.  With  2  exceptions  the 
HI  titers  ranged  from  1:4  to  1:32.  (Table  8)  The  exceptional 
serums  both  titered  1:128.  In  contrast,  only  1  of  31  (3.2%) 

WRAIR  bred  monkeys  was  seropositive  and  only  at  a  1:4  dilution. 
Subsequent  tests  on  this  serum  confirmed  these  results,  but  a  21 
day  later  serum  specimen  from  this  monkey  had  a  HI  titer  of  1:512 
or  greater.  The  findings  indicated  that  this  monkey  had  a  recent 
measles  infection.  Examination  of  earlier  bleedings  of  the  other 
measles  seropositive  monkeys,  provided  evidenced  that  2  additional 
monkeys  also  were  infected  at  the  WRAIR.  They  were  the  2  monkeys 
with  high  HI  titers  described  above.  None  of  these  monkeys  had 
any  signs  of  measles.  All  3  measles  infections  occurred  in  one 
room  of  monkeys  and  2  of  the  infected  monkeys  were  in  the  same 
cage.  Subsequent  bleedings  over  the  next  2  months  of  the  55 
sero-susceptible  monkeys  in  this  room  did  not  reveal  any  other 
measles  infections.  During  this  period  5  monkeys  died  and  histo¬ 
pathologic  evidence  of  measles  virus  infection  was  not  observed. 
Post-mortem  tissues  of  3  of  these  monkeys  also  were  examined  for 
measles  virus  without  success.  The  findings  indicate  that  measles 
virus  infections  occur  in  Aotus  monkeys  but  the  infection  is  not 
readily  communicable.  However,  the  pathogenicity  of  the  virus(es) 
causing  these  infections  are  unknown  and  other  strains  may  be  more 
virulent.  Therefore,  continued  precautions  should  be  maintained 
to  prevent  exposure  of  Aotus  monkeys  to  other  species  of  sub-human 
primates.  Pilot  studies  on  the  safety  and  communicability  of  atten¬ 
uated  measles  virus  vaccine  in  Actus  monkeys  should  be  considered 
to  prevent  wild  virus  infections.  The  latter  viruses  may  be  more 
virulent  in  pregnant,  newborn,  or  experimental  animals. 
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In  conjunction  with  the  Department  of  Virus  Diseases,  WRAIR, 
hepatitis  A  antibody  determinations  (HAVAB  Test,  Abbott  Labora¬ 
tories)  have  been  made  on  serum  specimens  from  both  procured  and 
bred  Aotus  monkeys  of  the  WRAIR  colony.  In  addition,  serum  speci¬ 
mens  were  examined  from  25  newly  captured  Panamanian  Aotus  monkeys. 
The  latter  specimens  were  obtained  from  Dr.  J.  Harper  of  the 
Gorgas  Memorial  Laboratory  in  the  Canal  Zone.  Hepatitis  A  virus 
antibody  reactivity  was  found  in  more  than  half  the  WRAIR  procured 
monkeys,  but  rarely  in  WRAIR  bred  or  newly  captured  Panamanian 
monkeys  (Table  9). 

The  findings  suggest  that  Aotus  monkeys  are  susceptible  to  Hepatitis 
A  virus  infection.  However,  further  infectivity  studies  of  this 
virus  in  Aotus  monkeys  are  required  to  confirm  these  observations. 

The  limited  number  of  animal  hosts,  i.e.,  chimpanzees  and  marmosets, 
for  hepatitis  A  virus  studies  clearly  indicates  a  critical  need  for 
additional  laboratory  animals.  Studies  of  the  pathogenicity  of 
hepatitis  A  virus  in  Aotus  monkeys  are  planned  to  evaluate  the 
potential  use  of  this  monkey  in  hepatitis  A  virus  research. 

5.  Studies  of  viral  enteritis  in  laboratory  dogs. 

During  1978  epizootics  of  viral  diarrhea  occurred  in  pet  and  labora¬ 
tory  dogs  in  the  United  States  (10),  Canada  (11),  Great  Britain  (12), 
and  Australia  (13).  Initially,  from  February  to  June  1978,  corona- 
viruses  were  associated  with  these  disease  outbreaks.  Subsequently, 
in  July  and  thereafter,  a  parvovirus  also  was  found  that  was  o.ti- 
genically  related  to  feline  panleukopenia  virus  (10).  The  patho¬ 
logy  of  the  latter  infection  was  remarkably  similar  to  that  of  the 
feline  disease.  In  August  and  September  1978  two  United  States 
government  sponsored  laboratory  dog  colonies  had  outbreaks  of 
diarrheal  disease  and  laboratory  assistance  was  requested  of  the 
Division  of  Veterinary  Medicine  of  the  WRAIR.  This  summer,  a 
further  request  for  laboratory  assistance  was  received  from  the 
WRAIR  SEATO  laboratory  in  Bangkok,  Thailand.  This  report  summarizes 
studies  conducted  on  the  etiology  of  these  outbreaks.  In  addition, 
observations  are  summarized  on  the  pathogenicity  of  a  canine  corona- 
virus  obtained  from  WRAIR  laboratory  dogs  with  fatal  diarrhea. 

a)  Virus  studies  of  diarrheal  disease  among  laboratory  beagle 
pups  at  Raltech  Scientific  Services,  St  Louis,  MO. 

The  US  Army  has  a  long  term  program  to  determine  the  wholesomeness 
of  irradiated  foods  at  the  Raltech  Scientific  Services  (RSS), 

Ralston  Purina  Company,  St  Louis,  MO.  The  studies  are  monitored 
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by  the  Office  of  Wholesomeness  of  Irradiated  Foods  (OWIF)  in  the 
Headquarters  of  the  US  Army  Medical  Research  and  Development 
Command  (USAMRDC).  For  these  purposes,  laboratory  Beagle  dogs 
are  being  used  as  an  experimental  animal.  During  June  through 
August  1978,  diarrheal  disease  with  increased  mortality  occurred 
in  pups  at  RSS  and  virus  studies  to  determine  the  etiology  were 
requested  of  the  Division  of  Veterinary  Medicine  of  the  WRAIR  by 
the  USAMRDC.  Virus  isolation  and  blood  specimens  for  serological 
tests  were  obtained  from  affected  pups  and  bitches  and  processed 
as  previously  described  (14). 

Virus  isolation  tests  were  conducted  on  throat  and  rectal  swab 
specimens  of  18  pups  from  4  litters  with  signs  of  diarrheal 
disease  and  3  bitches  which  had  or  previously  had  diarrhea. 

Each  specimen  was  treated  with  antibiotics,  centrifuged  and 
inoculated  into  dog  kidney,  canine  A-72,  and  Walter  Reed  canine 
cell  cultures.  Transmissible  agents  were  not  recovered. 

In  addition,  serological  tests  were  done  to  detect  viral  in¬ 
fections  on  paired  serum  specimens  of  12  Beagle  bitches,  9  of 
which  had  a  litter  with  diarrhea  or  enteric  disease.  Serum 
specimens  from  the  pups  with  diarrhea  were  not  available  for 
examination.  Individual  serum  specimens  were  examined  also 
from  the  13  other  Beagle  bitches  with  a  history  of  pup  mortality 
in  their  litters  without  diarrhea. 

Serum  neutralizing  antibodies  to  the  canine  coronavirus  (CCV), 
transmissible  gastroenteritis  virus  (TGE)  and  canine  herpes¬ 
virus  were  detected  in  nearly  half  the  specimens  tested  (Table  10) 
Although,  6  of  the  dogs  with  diarrheal  disease  had  coronavirus 
antibody,  only  1  dog  had  a  greater  than  4-fold  increase  in  titer 
to  both  CCV  and  TGE.  Three  other  dogs  had  equivocal  rises  in 
titer  to  either  or  both  of  these  viruses.  Neither  neutralizing 
antibody  to  canine  parainfluenza  virus  nor  hemagglutination-inhibi 
tion  (HI)  antibody  to  canine  panleukopenia  virus  were  found. 

Although  the  findings  summarized  in  this  report  do  not  implicate 
any  virus  as  the  principal  cause  of  increased  mortality  associated 
with  the  diarrheal  disease.  The  increased  antibody  titers  to  CCV 
and  TGE  found  in  1  dog  indicate  that  this  dog  was  infected  with  an 
antigenical ly  related  coronavirus  about  the  time  the  diarrheal 
disease  occurred.  The  presence  of  coronavirus  antibody  in  nearly 
half  of  these  RSS  dogs  indicates  that  infections  with  this  virus 
occurred  frequently.  However,  further  studies  will  be  required 
to  relate  these  infections  with  the  diarrheal  disease  in  the 
puppies  and  dogs. 
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Canine  panleukopenia  and  parainfluenza  viruses  antibodies  were 
not  detected  in  any  of  the  serums  tested.  The  dogs  at  RSS  are 
susceptible  to  these  viruses.  Introduction  of  the  former  virus 
will  result  in  an  epizootic  of  diarrheal  disease  and  the  latter 
respiratory  disease.  It  is  recommended  that  isolation  of  the 
study  dogs  and  review  of  staff  practices  be  continued  to  pre¬ 
vent  the  indirect  introduction  of  any  of  these  agents. 

b)  Studies  of  diarrheal  disease  in  dogs  at  Argonne 
National  Laboratory 

Argonne  National  Laboratory  (ANL)  is  a  part  of  the  US  Department 
of  Energy  and  conducts  long  term  studies  on  the  effects  of  low- 
level  protracted  irradiation  in  Beagle  dogs.  The  dogs  are  main¬ 
tained  for  their  life  spans  to  determine  late  effects.  There¬ 
fore,  each  death  to  extraneous  causes  represents  a  great  loss  in 
effort,  money  and  data.  During  late  August  thru  October  1978  an 
extensive  epizootic  of  gastroenteric  disease  occurred  at  ANL  (15). 
More  than  half  of  the  800  dogs  had  diarrhea  and  10  died.  The 
illnesses  were  of  unknown  etiology  and  posed  a  significant  threat 
to  their  research  program.  Initial  observations  made  by  Dr.  L.E. 
Carmichael  indicated  that  a  parvovirus  possibly  related  to  the 
minute  virus  of  canines  might  be  involved  (15).  Dr.  Carmiachel 
referred  the  workers  at  ANL  to  the  Division  of  Veterinary  Medicine, 
WRAIR  because  of  their  extensive  experience  with  these  fastidious 
viruses.  Accordingly,  a  request  for  diagnostic  virus  assistance 
was  made  to  this  Division.  Of  further  interest  was  the  occurrence 
of  several  cases  of  diarrhea  in  the  laboratory  workers  associated 
with  these  dogs.  This  report  summarizes  the  laboratory  studies  on 
specimens  from  the  ANL  dogs  and  personnel. 

From  a  pooled  fecal  specimen  of  ANL  dogs  with  diarrhetic  disease  a 
transmissable  agent  was  recovered  in  feline  kidney  and  dog  A-72 
cell  cultures.  Intranuclear  inclusions  were  evident  in  infected 
cells.  The  agent  hemagglutinated  swine  and  rhesus  monkey  erythro¬ 
cytes  at  4°  C.  The  hemagglutination  was  inhibited  by  feline  pan¬ 
leukopenia  virus  antiserum  but  not  by  antiserum  against  the  minute 
virus  of  canines.  During  this  period  a  number  of  other  laboratories 
reported  the  recovery  of  similar  feline  panleukopenia- like  viruses 
from  dogs.  (10,11 ,12,13) 
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Serologic  studies  were  carried  out  on  acute  and  convalescent  serum 
specimens  from  more  than  30  dogs.  Most  of  the  dogs  were  receiving 
"low"  levels  of  cobalt  irradiation.  Included  in  the  group  were 
dogs  which  had  signs  of  disease  early  and  late  in  the  epizootic, 
as  well  as  a  small  number  of  dogs  which  did  not  exhibit  signs  of 
disease.  In  addition,  paired  blood  specimens  approximately  30 
days  apart  were  collected  from  laboratory  personnel  with  and  with¬ 
out  diarrheal  disease. 

To  study  the  extent  of  the  virus  infection  in  the  ANL  colony  a 
hemagglutination-inhibition  test  (HI)  was  developed  (17).  The 
test  employed  rhesus  erythrocytes  a  pH  of  5.8  and  an  incubation 
temperature  of  4°  C.  To  remove  nonspecific  inhibitors  the  serums 
were  treated  with  10%  kaolin  and  subsequently  adsorbed  with  50% 
rhesus  erythrocytes  to  remove  the  blood  cell  agglutinins.  The 
reduced  amount  of  kaolin  from  the  customary  25%,  resulted  in  a 
smaller  loss  of  specific  antibody  from  our  reference  serums.  Pro¬ 
cedures  for  other  virus  antibody  tests  have  been  described  (14). 

Nearly  80%  of  the  dogs  had  a  rise  in  titer  to  the  ANL  canine  pan¬ 
leukopenia-like  virus  (Table  11).  The  same  dogs  had  similar  rises 
in  titer  to  the  feline  panleukopenia  virus.  Only  1  unaffected  dog 
did  not  have  antibody  in  the  convalescent  serum  specimen.  Six  of 
the  7  dogs  which  did  not  have  a  rise  in  titer  had  high  antibody 
titers  in  both  the  acute  and  convalescent  serum  specimens.  Over¬ 
all,  97%  of  the  dogs  examined,  had  panleukopenia  antibody.  In 
addition,  nearly  one-third  of  the  irradiated  dogs  had  a  rise  in 
titer  to  the  canine  coronavirus  and  almost  half  to  canine  herpes¬ 
virus.  The  rises  in  herpesvirus  antibody  occurred  primarily  in 
dogs  without  homologous  antibody  in  their  acute  serum  specimens, 
i.e.  9  of  13  seronegative  dogs  had  increased  titers  in  contrast 
to  1  of  9  seropositives.  Serological  tests  for  canine  distemper, 
canine  hepatitis,  parainfluenza  viruses  and  the  minute  virus  of 
canines  did  not  reveal  any  concurrent  infections.  The  failure  to 
detect  increased  antibody  to  the  minute  virus  of  canines  further 
served  to  differentiate  the  ANL  parnovirus-isolate  from  the 
minute  virus  of  canines. 

None  of  the  21  laboratory  workers,  including  4  with  diarrheal 
disease,  had  or  developed  antibody  to  the  canine  or  feline 
panleukopenia  viruses  or  to  the  canine  coronavirus.  In  tests, 
done  at  the  NIAID,  NIH,  Bethesda  by  Dr.  S.  Greenberg  and  A. 
Kapikian,  no  increased  antibody  to  the  "0"  rotovirus,  Norwalk 
agent,  human  coronavi ruses  0C45  and  229E,  mouse  hepatitis  or 
calf  coronavirus  were  detected.  Thus,  the  etiology  of  the 
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laboratory  workers  diarrheal  disease  was  not  related  to  the 
canine  panleukopenia,  corona virus  or  to  other  human  viruses 
associated  with  diarrhea. 

The  serologic  findings  were  consistent  with  and  confirmed  the 
electron  microscopic  and  isolation  observations  reported  by 
Eugster  (18)  and  Appel  (10).  In  other  outbreaks  of  canine 
diarrhea,  multiple  viral  infections  are  not  infrequent  and  the 
severity  may  range  from  inapparent  to  fatal.  However,  the 
pathology  and  high  communicability  of  the  canine  panleukopenia 
virus  indicate  that  this  agent  was  of  prime  importance.  Further 
studies  are  required  to  determine  the  persistence  and  health 
significance  of  the  virus  in  the  colony  and  impact  on  the 
experimental  work. 

c)  Studies  of  Epizootic  canine  diarrhea  in  Bangkok,  Thailand. 

During  the  summer  of  1979,  an  epizootic  of  diarrheal  disease 
"ravaged"  the  dogs  in  Bangkok,  Thailand.  Initial  electron  micro¬ 
scopic  observations  in  Bangkok  revealed  the  presence  of  parvo¬ 
viruses  in  2  of  6  stool  specimens.  At  the  request  of  LTC  R.E. 
Whitmire,  VC  and  MAJ  D.S.  Burke,  MC  of  the  WRAIR  SEATO  Laboratory, 
collaborative  studies  have  begun  to  determine  the  etiology  of  the 
diarrheal  disease.  This  report  summarizes  the  initial  findings  at 
the  Division  of  Veterinary  Medicine.  The  procedures  employed  were 
described  above  (section  5b). 

Initial  work  was  direct  to  detect  viral  hemagglutinins  in  stool 
suspensions  of  affected  dogs.  High  titer,  1:5,120  to  1:20480, 
rhesus  erythrocyte  agglutinins  were  detected  in  stool  prepara¬ 
tions  of  3  of  24  dogs.  The  hemagglutination  was  inhibited  in 
each  instance  by  specific  goat  anti-feline  panleukopenia  serum. 

In  addition,  one  low  titering  hemagglutining  stool  suspension 
from  a  fourth  dog  also  was  inhibited  by  the  same  antiserum. 

These  findings  indicated  the  presence  of  a  virus  antigenically 
related  to  feline  panleukopenia  virus  in  the  stools  of  affected 
dogs.  To  confirm  these  observations  and  detect  other  agents, 
virus  isolation  studies  are  in  progress. 

Paired  serum  specimens  from  the  Bangkok  dogs  were  examined  for 
canine  panleukopenia  virus  (Argonne  isolate)  hemagglutination- 
inhibition  (HI)  antibody.  Prior  to  testing,  the  serums  were 
adsorbed  with  kaolin  and  rhesus  monkey  erythrocytes.  More  than 
85%,  55  of  63  dogs  had  significant  HI  antibody  in  either  or  both 
serum  specimens.  Only  2  dogs  had  a  rise  in  titer  to  this  virus. 
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These  observations  are  consistent  with  the  rapid  rise  in  anti¬ 
body  titers  that  occurs  in  this  infection  and  time  of  collection 
of  the  first  serum  specimens.  Additional  serological  tests  are 
in  progress  to  detect  infections  with  the  canine  coronavirus. 

The  initial  observation  summarized  in  this  report  clearly  indicate 
the  presence  of  canine  panleukopenia  virus  in  dogs  from  Bangkok. 
Both  viral  hemagglutinins  and  HI  antibody  were  found  in  the  stools 
and  serums  of  dogs  with  diarrheal  disease.  The  findings  provide 
additional  data  on  the  significance  of  this  virus  in  canine 
diarrheal  disease  and  extend  our  knowledge  on  the  distribution 
of  the  virus. 

d)  Pathogenicity  of  a  canine  coronavirus  recovered  from 
laboratory  dogs  with  fatal  diarrhea. 

The  previous  annual  report  summarized  the  recovery  and  identifi¬ 
cation  of  a  coronavirus  from  laboratory  Foxhound  pups  with  fatal 
diarrheal  disease.  Due  to  the  severity  of  this  infection  patho¬ 
genicity  tests  in  dogs  were  undertaken  to  determine  whether  the 
isolate  possessed  unusual  virulence.  The  present  report  summa¬ 
rizes  the  clinical  and  virus  studies. 

To  determine  the  pathogenicity  of  the  coronavirus  17B8  isolate, 
three  10-week-old  foxhound  dogs  were  given  per  os  approximately 
100,000  tissue  culture  infectious  dosesq  of  the  virus.  Mild 
enteric  signs  were  evident  on  days  4  ana  5  in  2  animals.  They 
had  loose  stools  with  some  mucous  present  (Table  2).  The  corona¬ 
virus  was  recovered  for  5  to  10  days  from  rectal  swab  specimens 
of  each  dog.  In  addition,  each  dog  developed  serum  neutralizing 
antibody  to  our  reference  1-71  canine  coronavirus.  The  findings 
made  in  this  study  are  compatible  with  earlier  studies  of  canine 
coronavirus  infection  in  younger  puppies  and  do  not  indicate  any 
unusual  virulence  with  this  isolate. 

Further  studies  are  required  to  determine  the  factors  which 
potentiate  the  pathogenicity  of  canine  coronovirus  infections. 
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.  Viral  studies  on  WRAIR  feline  colony  at  Ft  Meade,  MD. 

The  WRAIR  farm  colony  was  established  to  provide  investigators 
with  high  quality  laboratory  cats  which  could  be  employed  in  long 
term  studies.  Although  the  cats  produced  by  the  colony  have  met 
the  needs  of  the  investigators,  there  remains  a  shortage  due  in 
part  to  conjunctival  and  respiratory  disease  in  nearly  all  the 
cats,  and  an  overall  kitten  mortality  rate  greater  than  50%. 

Many  dead  kittens  are  athymic,  suggestive  of  immunosuppressive 
viral  infection.  This  report  summarizes  initial  virus  labora¬ 
tory  studies  to  determine:  1)  the  etiology  of  disease,  2)  serolo- 
logic  surveys  to  detect  the  immune  status  of  the  breeding  stock 
to  feline  panleukopenia  virus  and,  3)  detect  antibodies  to  feline 
peritonitis  virus.  The  findings  are  evaluated  and  future  studies 
are  discussed. 

The  colony  population  consists  of  approximately  90-100  mixed-breed, 
short-hair  domestic  cats  (8-10  toms,  60-70  queens,  and  a  variable 
number  of  young  kittens  and  cats  from  litter  production  for  colony 
replacement  or  issue).  The  colony  is  maintained  in  a  non-barrier, 
open  management  system,  housed  in  concrete  block  farm-type  buildings 
with  indoor-outdoor  enclosed  areas  for  six  to  eight  different 
breeding  groups,  plus  separate  queening  and  post-weaning  areas. 
Source  animals  are  screened  for  feline  leukemia  virus,  and  then 
integrated  into  the  colony  after  proper  immunization  for  feline 
panleukopenia  (FPL),  feline  rhinotracheitis  (FVR),  and  feline 
calicivrus  (FCV);  as  well  as  general  physical  examination  and 
treatment  for  internal  and  external  parasites. 

Statistics  compiled  for  the  period  of  November  1978  through  mid- 
July  1979  show  that  a  total  of  58  litters  were  produced  from  a 
group  of  46  queens.  233  kittens  were  born,  with  the  average 
litter  size  of  4  (range  1-8),  and  overall  kitten  mortality  pre- 
and  post-weaning  being  59%.  Mortality  varied  between  a  maximum 
of  96%  in  the  coldest  month  (February  litters),  to  a  minimum  of 
approximately  30%  for  June  litters  (the  reporting  period  ended  on 
12  July,  therefore,  statistics  are  incomplete  for  June  pre-  and 
post-weaning  mortality). 

Major  pathology  diagnosis  for  mortality  cases  during  the  period 
included  feline  panleukopenia,  feline  infectious  peritonitis, 
toxoplasmosis,  pneumonia,  pneumonitis,  nephritis,  enteritis,  and 
conjunctivitis.  Of  particular  importance  is  the  frequent  gross 
finding  of  athymic  kittens  indicating  an  underlying  immuno¬ 
suppressive  factor  such  as  is  found  with  pre-  or  postnatal  in¬ 
fection  with  feline  infectious  peritonitis  (FIP),  or  feline 
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leukemia  (FeLV)  viruses  (22). 

a.  Virus  isolations  on  mortality  cases  -  WRAIR  Feline  Colony. 

Using  standard  isolation  and  identification  methods,  tissues  from 
several  necropsies  yielded  a  herpesvirus  similar  to  FVR,  and  also 
FCV,  both  viruses  of  which  can  play  a  major  role  in  respiratory 
disease  of  cats  and  mortality  in  kittens.  Pathogenic  strains  of 
both  viruses  have  been  shown  to  be  intermittently  shed  (FRT),  or 
persistently  shed  (FCV),  by  some  adult  cats.  These  cats  often 
have  a  low  to  intermediate  level  of  protective  immunity  to 
natural  infection  (20).  Further  studies  are  necessary  to  charac¬ 
terize  this  "immune  carrier  state"  in  the  WRAIR  colony,  and  assess 
the  need  for  a  modified  vaccination  program. 

b.  Survey  of  the  WRAIR  feline  colony  for  serum  antibodies  to 
feline  panleukopenia  virus. 

From  20  October  through  15  December  1978  serum  samples  were 
collected  from  44  selected  breeding  cats  in  the  colony  at 
Ft  Meade,  MD.  Table  13  summarizes  the  results  of  a  hemaggluti¬ 
nation-inhibition  (HAI)  test  modified  for  use  in  our  laboratory. 
(21,23,24) 

As  shown  in  Table  13,  cats  were  grouped  according  to  the  three  main 
acquisition  periods.  This  was  done  to  compare  the  responses  to  the 
differing  vaccination  schedules.  Cats  in  group  A  with  the  lower 
titers  (11:80)  had  not  received  FPLV  vaccine  since  August  1976. 
Those  with  higher  titers  (1:160-1:640)  had  received  their  last 
boosters  in  September  1976.  Overall  group  A  cats  are  the  oldest 
group  (age  range  2-3  years),  and  exhibited  the  greatest  range  and 
distribution  of  immunity  to  FPL  virus. 

Group  B  cats,  of  which  88%  had  titers  of  less  than  40,  had  either 
no  record  of  vaccination  with  FPLV  vaccine,  or  only  one  immuniza¬ 
tion.  In  reviewing  the  breeding  records  of  cats  with  the  lowest 
breeding  to  conception  ratios  prior  to  the  survey,  their  titers 
to  FPLV  were  significantly  lower  than  queens  who  had  conceived. 

This  could  point  to  the  probability  of  an  immune  carrier  state 
in  queens  (19)  with  lower  titers,  and/or  a  greater  susceptibility 
to  natural  infection  during  pregnancy,  resulting  in  early  resorb- 
tion  or  undetectable  abortion  of  litters. 
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Group  C  cats,  (most  recently  acquired  group  surveyed)  were 
immunized  with  FPL  virus  upon  entry  into  the  colony,  and 
correspondingly  showed  the,  highest  titers  as  a  group. 

In  summary,  the  results  of  the  survey  indicated  that  one-third  of 
the  queens  had  HAI  titers  to  FPLV  of  40  or  less.  Accordingly  their 
kittens  would  have  greatly  diminished  protective  level  of  passive 
immunity  (28).  A  systematic  revaccination  and  booster  program  has 
been  implemented.  Re-evaluation  of  immune  status  and  response  to 
the  immunization  schedule  is  planned  to  continue  during  the  next 
reporting  period. 

Table  14  shows  a  direct  correlation  between  HAI  and  neutralization 
titers,  confirming  the  validity  of  the  HAI  method  as  modified  for 
use  in  our  laboratory. 

c.  Pilot  serologic  survey  for  antibody  to  feline  infections 
peritonitis  virus. 

The  occurrence  of  mild,  chronic  or  enzootic  upper  respiratory, 
conjunctivitis,  and  keratitis  problems  has  approached  100%  in 
the  colony.  In  addition  to  FCV  and  FVR  contributing  to  the 
problems,  it  is  interesting  to  observe  that  the  clinical  syndrome 
caused  by  initial  exposure  of  cats  to  the  coronavirus  of  FIP,  is 
essentially  that  of  a  transient  upper  respiratory  and  conjunctival 
infection.  Since  a  pathologic  diagnosis  of  FIP  has  been  recorded 
in  the  colony,  there  is  a  high  likelihood  that  FIP  is  also  an 
enzootic  problem.  Isolation  methods  for  this  virus  are  complex, 
costly  and  in  many  cases  unsuccessful.  Serologic  methods  are 
under  investigation  to  confirm  the  presence  of  this  agent  in  the 
colony. 

Selected  sera  from  the  previously  described  surveys  were  also 
tested  by  indirect  immunofluorescence  (IFA  test)  to  test  colony 
cats  for  antibody  to  the  coronavirus  of  FIP.  This  agent  has  been 
shown  to  be  present  in  many  closed  and  open  colonies/catteries 
throughout  the  world,  and  has  been  strongly  implicated  in  epizootics 
of  kitten  mortality  in  colonies  (29).  A  heterologous  IFA  test  was 
adopted  with  TGE  coronavirus  antigen  grown  in  WRAIR  A-72  cells. 

All  test  sera  from  colony  cats  gave  positive  fluorescence  in  a 
titer  range  from  1:6.25  to  1:100,  which  indicated  low  to  moderate 
titers.  (Table  15).  While  a  very  limited  possibility  exists  that 
titers  reflect  colony  infection  with  TGE  virus,  it  is  most  probable 
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that  the  titers  are  due  to  exposure  to  FIP  coronavirus,  in 
which  case  a  neutralization  test  against  TGEV  would  be  negative 
(26,  27).  Such  confirmatory  tests  are  currently  being  prepared. 

Summary. 

Viral  respiratory  and  enteric  disease  appear  to  be  a  major 
problem  contributing  to  the  morbidity  and  mortality  in  the 
WRAIR  feline  colony.  The  isolation  or  histopathologic  evidence 
of  FVR  virus,  FCV,  and  FPL  virus  from  necropsy  cases,  coupled 
with  the  knowledge  that  each  of  these  viruses  can  exist  in  the 
carrier  state,  points  to  the  need  for:  1)  further  isolation 
studies,  2)  a  more  intensive  immunization  program,  along  with 
serosurvei Hance  measure  to  insure  its  efficacy,  3)  further 
investigation  of  animals  which  are  possible  "immune"  carriers, 

4)  efforts  to  reduce  all  possible  sources  of  stress  or  immuno¬ 
suppressive  factors.  With  regard  to  the  latter  point,  periodic 
following  studies  are  indicated  to  detect  and  eliminate  possible 
carriers  of  FIP,  FeLV  and  FPLV  from  the  colony. 


1602 


Summary: 


Two  years  of  epizootiology,  infectious  disease  diagnosis  and 
surveillance  were  compared  in  one  year  segments  of  October  1977 
to  September  1978  and  October  1978  to  September  1979.  Over  this 
two  year  period,  K,.  pneumoniae  associated  deaths  have  decreased 
from  52%  to  6%. 

In  the  rat  colony,  K.  pneumoniae  associated  abscessed  rats  have 
been  culled  from  the  colony,  but  there  are  still  sporadic  cases 
found.  £.  kutscheri  has  been  isolated  from  dead  stressed  rats, 
but  not  unstressed  surveillance  tested  rats.  P  pneumatropica 
has  recently  been  isolated  from  rats,  guinea  pigs  and  mice  in 
our  colonies  and  poses  as  similar  a  threat  as  C.  kutscheri . 
Salmonellosis  has  been  found  in  the  guinea  pig~colony,  but  stren¬ 
uous  Testing  and  culling  has  reduced  the  culling  rate  to  zero 
because  no  Salmonella  sp.  have  been  isolated  in  the  last  3-4 
months.  Viral  serologies  of  the  rodent  colonies  indicate  that 
the  barrier  systems  are  in  need  of  repair. 

New  media  and  techniques  have  been  devised  to  detect  small  numbers 
of  K.  pneumoniae. 

Resistance  transfer  factors  have  been  found  in  K.  pneumoniae 
isolates  cultured  from  Aotus  monkeys. 

Further  virus  studies  have  been  conducted  on  the  post  mortem 
tissues  of  Aotus  monkeys.  Cytomegalo-like  viruses  were  recovered 
from  salivary  glands  and  throat  specimens  from  approximated  half 
the  monkeys  examined.  Adenoviruses  were  recovered  from  1  adult 
and  1  infant  monkey's  rectal  swab  specimens.  Significant  anti¬ 
genic  differences  were  found  among  each  of  the  cytomegalo  like 
viruses  and  adenovirus  isolates  examined.  Inapparent  measles 
infections  were  detected  in  3  WRAIR  Aotus  monkeys  and  approxi¬ 
mately  20%  of  the  colony  had  measles  HI  antibody.  Hepatitis  A 
virus  antibody  was  also  detected  in  the  WRAIR  colony  and  in  2  of 
25  newly  captured  Panamanian  Aotus  monkeys.  The  significance  of 
these  observations  are  discussed. 

Virus  studies  of  diarrheal  disease  in  laboratory  dogs  in  the 
United  States  and  dogs  in  Bangkok  were  carried  out.  Canine 
panleukopenia-like  virus  antibodies  occurred  in  high  frequency 
in  laboratory  dogs  in  the  United  States  and  Bangkok.  Serological 
tests  also  indicated  coronavirus  infections  were  not  uncommon  in 
these  spizootics.  No  serological  evidence  was  ound  of  canine 
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panleukopenia-like  virus  or  coronavirus  infections 
laboratory  workers.  The  findings  are  evaluated  and 
Further  studies  of  the  epizootics  are  in  progress. 


n  exposed 
discussed. 
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Table  1:  Antibody  prevalence  rates  in  retired  breeder  mice 
to  select  viral  antigens  from  1  August  1977  to 
31  August  1978 


Number  Positive/Number  Tested  (%)a 

Location 

Dates 

PVM 

Sendai 

MHV 

Room  3 

Aug-Oct  77b 

1/29  (  3) 

0/21  (  0) 

9/15  (60) 

Jan  78c 

0/10  (  0) 

0/10  (  0) 

0/10  (  0) 

Feb  78 

0/10  (  0) 

0/10  (  0) 

0/10  (  0) 

Mar  78 

0/10  (  0) 

10/10  (100) 

0/10  (  0) 

May  78 

0/10  {  0) 

10/10  (100) 

4/10  (40) 

Jun  78 

0/10  {  0) 

10/10  (100) 

5/10  (50) 

Jul  78 

2/19  (22) 

9/9  (100) 

1/10  (10) 

Aug  78 

0/10  (  0) 

9/10  (  90) 

0/10  (  0) 

Room  6 

Aug-Dec  77 

29/49  (59) 

3/36  (  8) 

4/40  (10) 

Jan-Mar  78 

19/30  (63) 

24/30  (  80) 

9/10  (90) 

Apr-Jun  78 

6/10  (60) 

10/10  (100) 

9/10  (90) 

Room  8 

Aug-Dec  77 

30/50  (60) 

39/49  (  80) 

3/46  (  7) 

Jan-Mar  78 

17/30  (57) 

28/30  (  93) 

2/27  (  7) 

Apr-Jun  78 

9/20  (45) 

20/20  (100) 

6/20  (30) 

Jul -Aug  78 

15/20  (75) 

20/20  (100) 

3/20  (15) 

aSera  were  uniformly  negative  for  antibodies  to  Reovirus  3, 
GD-M,  Ectromelia  virus,  Mouse  adenovirus,  and  LCM  virus. 

bMouse  colony  was  terminated  in  December  1977. 


cNew  mouse  colony  was  established  in  January  1978. 
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E  coli  3951 

Sh  flexneri  27gP 


Table  4.  Virus  Isolations  from  Aotus  Monkeys  During  1978-79. 


Monkeys 

Examined 

Specimen 

Number  with  Cytomegalo- 

■like  virus 

Total  Examined 

(%) 

Adult  dead 

Throat 

2/20 

(20) 

Air  sac 

0/21 

(00) 

Salivary  glands 

11/21 

(52) 

Lungs 

0/23 

Liver 

0/23 

Adrenal 

0/8 

Kidney 

0/23 

Spleen 

0/23 

Rectal 

0*/22 

Infant  dead 

Throat 

0/4 

Air  Sac 

0/3 

Salivary  glands 

1/4 

(25) 

Lungs 

0/5 

Liver 

0/5 

Adrenal 

0/1 

Kidney 

0/4 

Spleen 

0/5 

Rectal 

0*/4 

Adult  apparently 

heal  thy** 

Throat 

4/5 

(80) 

WBC 

0/4 

Urine 

0/5 

*Adenovirus  recovered 

**Aotus  monkeys  examined  2  years  after  original  recovery  of 
cytomegalovirus. 
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Table  5.  Cross  serum  neutralization  tests  with  rabbit  antiserums 
_ and  selected  Aotus  Cytomegalo-like  viruses. _ 


Antiserum* 
(Rabbit  no. ) 

Serum  neutralization 
7933T  800 3T 

titer  to: 

43T 

7933T  (914) 

128 

0** 

16 

8003T  (80) 

0 

32 

0 

43T  (283) 

0 

0 

1024 

*  Homologous  pre immunization  serum  titer  1:8 
**  0  =  less  than  1:16 


Table  6.  Results  of  cross  serum  neutralization  tests  with  the 
_ MRAIR  Aotus  adenoviruses  and  their  rabbit  antiserums 


Antiserum* 

Serum  Neutralization 

titer  to: 

Aol 1 9R 

8138R 

WR32R 

WR122R 

8138R 

128 

64 

0** 

256 

WR32R 

0 

4096 

16 

128 

WR122R 

0 

32 

512 

1024 

Aoll9R 

16 

2048 

64 

2048 

*  Preimmunization  titer  less  than  1:16 
**  0  titer  equals  less  than  1:16 
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Table  7.  Results  of  serum  neutralization  tests  between  WRAIR 
Aotus  adenoviruses  and  LAIR  Aotus  and  related  adeno- 
_ virus  antiserums. 


Antiserum 

(Source-Titer)* 

Serum  neutralization  titer 
8138R  WR32R  WR122R 

to: 

Aoll9R 

Aotus  Adenovirus  I 
(LAIR-1280) 

0** 

0 

0 

0 

Aotus  Adenovirus  II 
(LAIR-2560) 

16 

0 

0 

32 

Aotus  Adenovirus  III 
(LAIR-1280) 

16 

128 

0 

0 

Aotus  Adenovirus  8-274*** 
(LAIR-1280) 

0 

64 

1024 

512 

Aotus  Adenovirus  8-364*** 
(LAIR  640) 

0 

0 

0 

0 

Squirrel  Monkey  Adenovirus 

I  (SVRC- 1 280) 

0 

0 

0 

0 

Rhesus  Monkey 

Adenovirus  SV11 
(SVRC-640) 

0 

32 

0 

0 

Homologous  (WRAIR) 

256 

20^8 

1024 

512 

*  LAIR  =  Letterman  Army  Institute  of  Research  (Dr.  Shroyer) 
SVRC  =  Simian  Virus  Reference  Center  (Dr.  Lester) 

**  0  titer  =  less  than  1:16 

***  Untyped  isolates 
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Table  8.  Summary  of  measles  virus  hemagglutination-inhibition 
_ antibody  surveys  of  the  MRAIR  Aotus  monkey  colony. 


Dates  Bled 

Source  of 
Monkeys 

No.  seropositive 
No.  tested  {%) 

No. 

Converted 

Jun  -  Aug 

'78 

WRAIR  bred 

0/17 

(0) 

Oct 

'78 

Purchased 

5/27 

(18.5) 

WRAIR  bred 

0/3 

(0) 

Apr 

'79 

Purchased 

6/29 

(20.6) 

1 

May 

'79 

Purchased 

6/40 

(15.0) 

1 

WRAIR  bred 

1/11 

(  9.1) 

1 

Totals: 

Purchased 

17/84 

(20.3) 

2 

WRAIR  bred 

1/31 

(  3.2) 

1 

1615 


Table  9.  Summary  of  Hepatitis  A  Virus  antibody  surveys  of 


Aotus  monkeys. 


Monkeys 

No  positive/No  tested  {%)* 

examined 

WRAIR  Procured 

15/26 

(57.8) 

WRAIR  bred 

1/26 

(  3.9) 

Panamanian  newly 
captured 

2/25 

(  8.0) 

*  HAVAB  test  (Abbot  Laboratories)  conducted  by  MAJ  S.  Lemon,  MC, 
Dept  Virus  Diseases,  WRAIR 

**  Serum  specimens  from  newly  captured  monkeys  obtained  from 
Dr.  J.S.  Harper  III  of  the  Gorgas  Memorial  Laboratory,  Balboa 
Heights,  Canal  Zone. 


Table  10.  Viral  antibody  studies  of  Beagle  bitches  at  Raltech  Scientific  Services 
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*0  =  less  than  1:4  in  neutralization,  less  than 
*Hemorrhagic  enteritis  in  1  pup. 

*6  Sep  78  serum. 


Table  10.  (Cont’d)  Viral  antibody  studies  of  Beagle  bitches  at  Raltech  Scientific  Services 

St  Louis,  MO. 
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*6Sep  78  serum. 
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***  Similar  rises  in  titers  were  observed  to  the  feline  panleukopenia  virus. 


Table  12.  Experimental  Infection  of  Foxhound  pups  with  17B8 
- - coronavirus  isolate. _  v  M  ^ 

Pup  Enteric  Virus  Recovered  SN  Antibody  Titer 

No-  S19ns  {Rectal  Swab)  (VS  1-71  Corona virus) 


(Days) 


(Days) 


1-5,  10 


Day  Day  Day  Day 

-0  14  21  35 

2  8  32  128 


3,4,6. 7 


8  32 
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Table  13.  Results  of  feline  panleukopenia  virus  serology  survey  on  WRAIR  farm 
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Table  15*  Indirect  Fluorescent  Antibody  Screening  Test  for  feline 
infectious  peritonitis  virus  antibodies  in  HftAIR  farm 
catsd.  s~~~ 


Date 

Cat  No. 

Group 

Titer 

6.25 

=  1/Dilution 
25  100  400 

20  Oct  78 

1388 

A 

+ 

+ 

+ 

20  Oct  78 

1388 

A 

+ 

+ 

+ 

II 

1483 

A 

+ 

+ 

+ 

24  Oct  78 

1480 

A 

+ 

+ 

+ 

4  Dec  78 

1493 

A 

+ 

+ 

- 

24  Oct  78 

50 

B 

+ 

+ 

+ 

27  Oct  78 

6 

B 

+ 

+ 

II 

44 

B 

+ 

+ 

+ 

II 

52 

B 

+ 

+ 

- 

16  Nov  78 

1693 

C 

+ 

+ 

+ 

II 

1696 

C 

+ 

+ 

- 

15  Dec  78 

Kitten  184 

+ 

- 

- 

II 

Kitten  185 

+ 

- 

- 

9  Feb  79 

Kitten  F-03 

+ 

+ 

- 

26  Jan  79 

Kitten  (Q  44) 

+ 

- 

- 

Jul  79 

Ref  Pederson 
Negative 

- 

- 

- 

Jul  79 

Ref  Pederson 
1:100  (IFA) 

+ 

+ 

Jul  79 

Ref  Pederson 
1:1600  (IFA) 

+ 

+ 

+  + 

Employing  transmissible  gastroenteritis  virus  -  infected  canine 
A-72  cells  as  the  antigen. 
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23.  (U)  Investigate  diseases  and/or  conditions  affecting  or  associated  with  the  mili¬ 
tary  dog  to  enhance  diagnosis,  treatment,  and  control. 

24.  (U)  Conventional  epideiologic,  pathologic,  and  microbiologic  methods  were  employed; 
special  procedures  were  developed  as  needed. 

25  (U)  78  10  -  79  09  Investigations  were  finalized  of  the  use  of  somatic  cell  hybrids 

for  propagation  of  Ehrlichia  canis.  Magnetic  separation  of  phagocytic  cells  following 
ingestion  of  carbonyl  iron  resulted  in  a  significant  enhancement  of  the  phagocytis 
population  with  a  concomitant  increase  in  the  percentage  of  cells  susceptible  to  E. 
canis.  Serial  passage  of  the  selected  subpopulation  of  hybrid  cells,  however,  resulted 
in  a  rapid  diminution  in  the  percentage  of  susceptible  cells.  Characterization  was 
finalized  of  a  canine  cell  line  derived  from  a  canine  tumor.  The  cell  line,  which  has 
a  chromosome  modal  2n  chromosome  number  of  92  to  93,  is  the  in  vitro  host  cell  of  choice 
for  canine  coronaviruses,  caustive  agents  of  viral  diarrhea.  The  indirect  hemagglutina¬ 
tion  test  and  the  enzyme-linked  immunosorbent  assay  were  evaluated  for  possible  use  in 
diagnosis  of  ehrlichial  infections,  and  to  provide  a  diagnostic  procedure  adaptable  to 
field  laboratory  operations.  Extensive  nonspecific  reactions  were  observed  with  both 
test  procedures  and  was  attributed  to  the  antigen  preparation  used.  Investigations 
under  this  project  were  terminated  because  of  the  lack  of  an  alternate  in  vitro  propaga¬ 
tion  system  in  lieu  of  primary  canine  peritoneal  macrophages  or  peripheral  blood  mono¬ 
cytes.  Continued  research  woul.  necessitate  the  expenditure  of  large  amounts  of  man¬ 
hours  and  funds  for  minimal  return  in  research  data.  For  technical  report  see  Walter 
Reed  Array  Institute  of  Research  Annual  Progress  Report,  1  Oct  78  -  30  Sep  79. 
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PREVIOUS  LOST  IONS  OF  THIS  A  OHM  AHC  OBSOLETE  OO  FORMS  liMA.  1  NOV  •• 
AND  IASS  I.  I  MAR  ||  (FOR  ARMY  USCI  ARC  OBSOLETE 


Project  3M162770A802  MILITARY  PREVENTIVE  MEDICINE 


Work  Unit  012  Diseases  of  the  Military  Dog 
Investigators: 

Principals:  LTC  Edward  H.  Stephenson,  VC 

Associates:  Leonard  N.  Binn,  PhD;  CPT  Samuel  R.  Lamb,  III, 

VC;  Ruth  H.  Marchwicki,  BS;  SP4  Brian  L. 

Ermeling;  SP4  Richard  A.  von  der  Porten 

Description: 

Investigators  to  define,  study,  diagnose,  and  control  known  and 
potential  infectious  diseases  of  military  dogs.  A  major  effort  is 
directed  toward  developing  an  alternate  in  vitro  method  of  culti¬ 
vating  Ehrlichia  cants  in  lieu  of  the  primary  canine  peripheral 
blood  monocyte  or  peritoneal  macrophage.  Additional  studies  con¬ 
cern  the  epizootiology,  diagnosis,  treatment,  and  control  of  other 
disease  agents  or  conditions  affecting  the  military  dog. 

During  the  reporting  period,  research  activities  have  included: 

(1)  attempts  at  cultivation  of  JE  canis  in  cells  other  than  pri¬ 
mary  canine  peripheral  blood  monocytes  or  peritoneal  macrophages, 

(2)  characterization  of  a  canine  cell  line  for  viral  studies,  and 

(3)  developmental  studies  of  a  serologic  test  for  E  canis  that 
would  be  adaptable  to  field  conditions. 

Progress; 

1.  Somatic  cell  hybrids  of  canine  peritoneal  macrophages  and  SV40- 
transformed  human  cells:  derivation,  characterization  and 
infection  with  Ehrlichia  canis. 


Investigations  were  finalized  of  the  use  of  somatic  cell  hybrids 
for  propagation  of  12  canis  (1) .  Somatic  cell  hybrids  were  obtain¬ 
ed  by  fusion  of  canine  peritoneal  macrophages  and  SV40-transformed 
human  skin  fibroblasts  (LNSV) .  A  cell  line  (WRH-2)  was  establish¬ 
ed  from  a  single  isolated  hybrid  clone.  The  WRH-2  cell  line  has 
been  serially  passaged  60  times  and  has  a  population  doubling  time 
of  approximately  24  hours.  Karyotypic  analysis  showed  the  modal 
number  of  chromosomes  to  be  80,  with  a  selective  segregation  of 
canine  chromosomes.  Expression  of  incorporated  canine  DNA  was 
substantiated  by  cellular  enzyme  activities  and  antigen  expression. 
The  susceptibility  of  5  to  7%  of  WRH-2  cells  to  E  canis  infection 
was  associated  with  phagocytic  properties  of  these  cells.  Magnetic 
separation  of  phagocytic  cells  following  ingestion  of  carbonyl  iron 
resulted  in  a  significant  enhancement  of  the  phagocytic  population 
with  a  concomitant  increase  in  the  percentage  of  cells  susceptible 
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to  ehrlichial  infection.  Serial  passage  of  the  selected  subpopu¬ 
lation  of  hybrid  cells,  however,  resulted  in  a  rapid  diminution 
in  the  percentage  of  phagocytic  cells. 

2.  Establishment  of  a  canine  cell  line:  derivation,  characteri¬ 
zation,  and  viral  spectrum. 

Investigations  of  a  new  canine  cell  line  were  completed  (2) .  A 
cell  line,  designated  A-72,  for  virus  studies  was  established  from 
a  tumor  surgically  removed  from  a  female,  8-year-old  Golden  Retrie¬ 
ver  dog.  Following  explant  culture,  the  cells  have  been  serially 
passaged  135  times.  A-72  cells  have  maintained  a  fibroblastic 
appearence  and,  at  the  123rd  passage,  had  a  population  doubling 
time  r. '  approximately  27  hours.  Karyotypic  analysis  of  the  high 
passage  cells  showed  the  modal  2n  chromosome  number  to  be  92  to 
93.  Using  starch  gel  electrophoresis  for  enzyme  characterization, 
the  electrophoretic  mobilities  of  enzymes  extracted  from  A-72 
cells  were  identical  to  those  of  canine  peritoneal  fibroblasts 
and  primary  canine  kidney  cells.  The  A-72  cells  were  susceptible 
to  infection  with  infectious  canine  hepatitis  virus,  canine  adeno¬ 
virus  type  II,  canine  herpes  virus,  canine  parainfluenza  virus, 
and  canine  coronavirus,  but  was  not  susceptible  to  canine  distemper 
virus  or  the  minute  virus  of  canines.  These  cells  have  been  par¬ 
ticularly  useful  for  studies  of  the  fastidious  canine  corona- 
viruses,  as  the  commonly  used  primary  canine  kidney  cells  exhibit 
varied  susceptibility  to  these  viruses. 

3.  Indirect  hemagglutination  test  and  enzyme-1 inked  immunosorbent 
assay  for  detection  of  humoral  antibodies  to  Ehrlichia  canis. 


Serodiagnosis  of  Ehrlichia  canis  infections  in  dogs  is  readily 
accomplished  using  the  indirect  fluorescent  antibody  (IFA)  test 
(3).  The  IFA  test  is  quite  sensitive  and  specific,  but  is  limited 
by  the  requirement  for  sophisticated  equipment.  Further,  the 
antigen  for  the  IFA  test  is  comprised  of  ehrlichia-infected  mono¬ 
cytes  or  macrophages  fixed  to  microscopic  slides,  and  these  prepa¬ 
rations  can  not  be  shipped  readily  to  other  laboratories  that  do 
not  have  the  capabilities  to  prepare  canine  monocyte  or  macrophage 
cultures  and  propagate  E  canis.  A  serotest  procedure,  therefore, 
was  needed  that  was  adaptable  to  field  laboratory  conditions  and 
which  used  reagents  that  were  economically  prepared,  with  a  long 
shelf  life  and  minimal  refrigeration  requirements.  Development  of 
such  a  serotest  procedure  for  E  canis  would  allow  the  test  reagents 
to  be  prepared  in  a  central  laboratory  with  the  ability  to  propa¬ 
gate  the  agents  ior  antigen,  then  transship  the  reagents  to  field 
laboratories  for  on-site  serologic  testing. 
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Two  serodiagnostic  procedures  exhibited  the  desired  characteris¬ 
tics  sought  for  ehrlichial  antibody  evaluation,  namely  the  indi¬ 
rect  hemagglutination  (IHA)  test  and  the  enzyme-linked  immunosor¬ 
bent  assay  (ELISA) .  Both  of  these  test  methods  had  been  developed 
previously  for  detection  of  other  rickettsial  infections  (4,5). 

The  purpose  of  this  study  was  to  evaluate  the  IHA  test  and  the 
ELISA  for  use  in  the  detection  of  humoral  antibodies  to  E  canis . 

Indirect  hemagglutination  test.  Ehrlichia  canis  infected  cultures 
of  primary  canine  macrophages  were  prepared  as  previously  described 
(6).  Cell  cultures  were  harvested  for  antigen  preparation  when 
85%  or  more  of  the  detached  cells  exhibited  intracytoplasmic  inclu¬ 
sions  of  13  canis .  The  cell  contents  from  25  flasks  (25  cm^)  were 
used  for  each  batch  of  antigen.  Infected  cells  and  extracellular 
ehrlichiae  were  pelleted  at  10,000  x  g  for  10  min  at  4  C,  washed 
twice  in  phophate-buffered  saline  (PBS,  pH  7.2),  and  resuspended 
in  20  volumes  of  PBS.  The  cell-ehrlichiae  suspension  was  placed 
in  an  ice  bath  and  treated  thrice  with  ultrasound  at  a  setting  of 
100  watts  for  10  sec,  with  a  30  sec  interval  between  each  treat¬ 
ment.  Following  ultrasound  treatment,  the  suspension  was  divided 
into  2  aliquots:  one  was  used  to  prepare  erythrocyte-sensitizing 
substance  (ESS)  by  the  method  of  Chang  et  al  (7),  and  the  second 
was  used  as  a  particulate  antigen.  Both  antigens  were  diluted 
with  PBS  to  a  concentration  of  100  ug  of  protein/ml,  as  determined 
by  the  Lowry  method  (8) .  A  qualitative  determination  of  antigen 
specificity  was  made  by  the  direct  fluorescent  antibody  test. 

Sheep  erythrocytes  were  gluteraldehyde-treated  and  sensitized  to 
each  of  the  antigen  preparations  using  the  methods  of  Shirai  et  al 
(4) .  Control  antigen  preparations  were  prepared  similarly  from 
uninfected  canine  macrophage  cultures.  Test  sera  used  were 
obtained  from  8  dogs,  one  without  ehrlichial  antibodies  (negative) 
and  7  with  ehrlichial  antibody  titers  of  >  1:512  as  determined  by 
the  IFA  test.  Three  of  the  positive  sera  were  from  dogs  experi¬ 
mentally  infected  with  the  same  _E  canis  strain  used  for  antigen 
preparation.  The  IHA  test  was  performed  by  the  methods  of  Shirai 
et  al  (4),  using  sera  diluted  2-fold  from  1:10  through  1:2560. 

Serial  dilutions  of  each  antigen  preparation  were  tested  against 
serial  dilutions  of  positive  and  negative  control  sera.  Hemagglu¬ 
tination  was  not  observed  for  any  antigen-antiserum  combination 
after  incubation  at  room  temperature  for  1  hr.  Consequently,  the 
test  procedure  was  reevaluated  using  the  concentrated  antigen 
preparations  (100  ug  of  protein/ml)  and  introducing  the  following 
procedural  modifications:  (a)  addition  of  0.4%  bovine  serum 
albumin  (BSA)  to  the  diluent;  (b)  incubation  temperature  of  4,  20, 
or  37  C;  and  (c)  variation  of  diluent  pH  using  5.8,  6.8,  7.2,  or 
7.8.  Addition  of  BSA  hastened  settling  of  the  sensitized  erythro¬ 
cytes  (2-to  4-fold),  alteration  of  the  incubation  temperature  had 


a  direct  effect  on  the  rate  of  erythrocyte  settling  with  the  rate 
being  faster  as  temperature  increased,  and  variation  of  the  diluent 
pH  had  no  detected  effect.  Regardless  of  the  procedure  conditions 
employed,  specific  hemagglutination  by  positive  antisera  was  not 
observed.  Additional  studies  are  requisite  to  elucidate  the  appro¬ 
priate  conditions  for  performance  of  the  IHA  test  for  ehrlichial 
antibodies.  Areas  that  must  be  explored  include  better  methods  of 
antigen  preparation,  such  as  selective  sonication  and  density- 
gradient  separation,  to  obtain  purified  ehrlichiae,  and  the  use  of 
tannic  acid-treated  erythrocytes  in  lieu  of  gluteraldehyde-treated 
cells. 

Enzyme-linked  immunosorbent  assay.  Antigens  used  were  the  same  as 
those  prepared  for  the  IHA  test,  except  the  protein  concentration 
was  adjusted  to  150  ug/ml.  Positive  control  serum  used  was  from  a 
dog  experimentally  infected  with  the  same  E  canis  strain  used  for 
antigen  preparation.  The  ehrlichial  IFA  titer  of  the  serum  was 
1:1280.  The  ELISA  was  performed  according  to  reported  methods  (9), 
using  2-fold  antigen  dilutions  against  sera  at  undilute,  1:5,  1:10, 
and  1:40. 

The  color  reaction  of  the  ELISA  was  read  visually  and  scored  4+, 

3+,  2+,  1+,  or  -,  according  to  the  intensity  of  purple-brown  color 
observed.  A  1+  was  interpreted  as  a  positive  reaction.  Defini¬ 
tive  color  reactions  were  exhibited  by  both  positive  and  negative 
canine  sera  vs  ehrlichial  antigen  preparations,  but  the  end-point 
of  reaction  for  the  negative  control  serum  consistently  was  1  to  2 
dilutions  less  than  those  for  the  positive  reference  serum.  Reac¬ 
tions  were  similar  when  uninfected  cell  antigens  were  used,  except 
that  the  positive  color  reactions  were  2  to  3  dilutions  lower  than 
the  reactions  with  the  ehrlichial  antigens.  The  test  results 
essentially  were  identical  for  the  2  antiger.  preparations,  ether- 
base  extracted  and  particulate.  These  results  suggested  that 
ehrlichial  antibodies  were  being  detected,  but  that  the  sensitivity 
of  the  test  procedure  was  being  masked  by  extensive  nonspecific 
reactions.  The  nonspecific  reactions  apparently  were  attributable 
to  the  antigen  preparations  used.  Although  the  ehrlichiae  were 
propagated  in  serum-free  medium  for  the  final  24  to  48  hr  before 
harvest  and  were  washed  twice  prior  to  antigen  preparation  proce¬ 
dures,  the  antigens  were  not  sufficiently  pure  to  yield  a  specific 
seroreaction.  Undoubtedly,  the  cellular  components  contained  in 
the  antigen  preparations  were  of  sufficient  magnitude  to  impart 
the  observed  nonspecific  reactions. 

Neither  the  IHA  test  nor  the  ELISA  yielded  satisfactory  serologic 
results,  using  the  described  methodology.  The  principal  defficiency 
appeared  to  be  production  of  a  suitable,  pure  antigen  for  each  of 
the  tests.  Adaptation  of  the  IHA  test  and/or  the  ELISA  to  detec¬ 
tion  of  ehrlichial  antibodies  must  await  development  of  an  alter- 
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nate  cell  system  in  which  to  propagate  _E  canis  whereby  massive 
numbers  of  organisms  can  be  obtained,  and  development  of  separation 
and  purification  of  ehrlichiae  from  infected  cells. 
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(ll)  Malaria;  (U)  Mosquitoes;  (U)  Trypanosomiasis;  (U)  Tsetse  flies;  (U)  Immunization 
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2 3,  (U)  Develop  physiological  means  of  interrupting  ranla.’ia  transmission  through  an  un- 
I  derstanding  of  factors  affecting  parasite  infect ivity  in  vivo  and  in  vitro.  Determine 
most  effective  means  of  inhibiting  malaria  infections  in  vertebrate  hosts  by  injection 
of  liposomes  containing  giycolipids.  Develop  models  for  cyclical  transmission  'I  African 
trypanosomiasis  to  facilitate  utilization  of  large  numbers  of  parasHes  in  studying  im¬ 
mune  mechanisms.  Realization  of  objectives  may  lead  to  prevention  or  control  of 
malaria  and  trypanosomiasis  in  military  troops. 

2k.  (U)  Assay  liposome  preparations,  lacking  or  containing  anti malarial  drugs  for  effec¬ 
tiveness  in  inhibiting  malaria  infections.  Isolate  different  stages  of  the  malaria  para¬ 
site  c, )  density  gradients  for  subsequent  study  in  culture  systems.  Correlate  recently 
developed  yclical  transmission  models  for  tsetse  flies  with  physiological  factors  that 
affect  fly  trypanosome  interactions.  Evaluate  a  self  mating  strain  of  Anopheles  bala- 
bac^nsis  for  use  in  laboratory  transmission  of  malaria. 

25.  (U)  78  10  -  79  09  Liposome  preparations  containing  neut  -al  giycolipids  with  a  termi¬ 
nal  glucose  or  galactose,  when  injected  intravenously,  prevented  the  appearance  of 
erythrocytic  forms  of  malaria  in  hosts  injected  one  day  previously  with  sporozoites. 

Veiy  high  dilutions  of  the  liposomes  were  therapeutically  effec1 iv-,  retaining  half  the 
effectiveness  of  undiluted  liposome  preparations.  Howeve:  ,  liposome.,  containing  mem¬ 
brane  giycolipids  were  not  effective  against  the  erythrocytic  forms  nor  did  they  have 
a  prophylactic  effect  in  the  inhibition  of  malaria.  The  major  factors  influencing  fly 
infection  rates  have  been  identified.  Hence,  sufficient  salivary  gland  infections  are 
being  obtained  to  facilitate  immunological  evaluation.  For  *  "■hnical  repoit,  see  Walter 
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Description 

The  major  objectives  of  this  work  unit  have  been  (l)  the 
establishment  of  a  self-sustaining  colony  of  tsetse  flies,  (2)  the 
development  of  a  rodent /fly /rodent  transmission  model  for 
Trypanosoma  rhodesiense,  (3)  the  use  of  liposomes  to  treat  experi¬ 
mental  malaria  {in  collaboration  with  the  Department  of  Membrane 
Biochemistry},  (H)  the  culture  and  biology  of  the  mosquito  patho¬ 
gen  Nosema  algerae  in  insect  cell  lines  and  (5)  a  cytogenetic 
study  of  important  anopheline  vectors  of  malaria. 

Progress 


1.  Colony  Establishment  of  the  Tsetse  Fly  Glossina  morsitans 

The  basic  parameters  for  successful  establishment  of  Glossina 
morsitans  have  been  de+  .•mined  using  a  New  Zealand  rabbit  host. 

The  female  fly  populations  in  April  1979  reached  -  3,1*00,  2,1*00  of 
which  were  breeding  females.  The  population  at  this  level  was  pro¬ 
ducing  approximately  1,000  puparia  per  week,  with  9*8$  of  the 
females  producing  a  puparium  each  day.  Mortality  was  also  low, 
averaging  0.8$  per  day.  The  colony  was  self-sufficient  both  for 
maintenance  of  a  large  breeding  population  and  for  production  of 
flies  for  infection  studies. 

At  this  point  a  failure  in  the  low-temperature  override  system 
of  the  incubator  occurred,  killing  some  3,000  females.  Since  the 
older  flies  were  virtually  eliminated,  an  attempt  was  made  to  adapt 
the  newly-emerging  flies  to  the  in-vitro  feeding  on  pig  blood 
favored  by  the  Tsetse  Research  Laboratory,  Langford,  England.  The 
'.ies  were  fed  I4  days  per  week  on  pig  blood  and  2  days  per  week  on 
rabbits.  The  puparial  production  rate  decreased  to  about  7.0$  of 
breeding  females  while  daily  mortality  averaged  1.7$.  Although 
these  figures  were  significantly  poorer  than  the  figures  for 
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rabbit-fed  flies,  the  population  climbed  to  -  1,700  females  by 
August.  At  about  this  time,  the  blood  heating  unit  overheated, 
killing  some  900  females,  thereby  forcing  continued  importation 
of  flies  from  England.  These  problems  could  have  been  averted  by 
installation  of  an  audible  alarm  system,  which  is  only  now 
nearing  completion. 

With  the  knowledge  that  rabbit-fed  flies  do  better  in  all 
respects  than  flies  fed  in-vitro  on  pig  blood,  the  in-vitro 
technique  was  terminated  in  favor  of  the  rabbit  host  maintenance 
system.  It  is  believed  that  the  time-inefficiency  of  feeding  on 
rabbits  can  be  overcome  by  utilization  of  a  larger  breed  of  rabbit. 
The  Department  of  Animal  Resources  is  now  investigating  the  pos¬ 
sibility  of  obtaining  the  Flemish  Giant  breed  as  a  solution  to 
this  requirement. 

2.  Development  of  a  Rodent /Fly /Rodent  Cyclical  Transmission 
Model 

This  aspect  of  the  work  has  progressed  well  due  to  continued 
supply  of  flies  from  England,  during  periods  of  low  fly  popula¬ 
tions  in  our  own  laboratory.  The  greatest  single  difficulty  en¬ 
countered  during  the  first  year  of  successful  cyclical  transmission 
was  the  extremely  low  infection  rates  in  all  developmental  stations 
in  the  fly,  viz.  midgut  (MG),  proventriculus  (PV)  and  salivary 
glands  (SG). 

Since  that  time  many  of  the  factors  that  influence  infection 
rates  have  been  determined.  It  is  now  conclusive  that  males  de¬ 
velop  higher  infection  rates  than  females  and  that  males  fed  <24  h 
post-eclosion  attain  higher  infection  rates  than  males  2h— U8  hpost- 
eclosion  (Tables  1  and  2).  This  age  factor  has  not  shown  statisti¬ 
cal  significance  in  females  nor  has  there  been  any  difference  be¬ 
tween  males  and  females  24-48  h  post-eclosion  (Tables  1,  2  and  3). 
Flies  fed  <6  h  post-eclosion  (Test  19)  developed  higher  infection 
rates  than  flies  6-26  h  or  24-30  h  post-eclosion  (Table  4).  How¬ 
ever,  chilling  24-30  h  old  flies  for  21  h  at  l8°C  resulted  in  these 
flies  attaining  higher  infection  rates  than  6-26  h  flies.  Com¬ 
bining  data  of  flies  <6  h  old  with  6-26  h  old  fly  data  and  com¬ 
paring  these  to  data  from  24-30  h  old  flies  resulted  in  loss  of 
statistical  significance  (Table  5).  This  suggested  that  in  most 
experiments,  it  was  the  flies  <6  h  old  that  accounted  for  the 
majority  of  the  infections.  It  was  also  of  interest  that  only 
13.5#  of  females  <6  h  old  fed  while  4l.5#  of  similarly  aged  males 
■f'ed. 


Another  factor  of  importance  was  the  finding  that  24-48  h  old 
flies  fed  on  serum-free  blood  (serum  replaced  with  1%  glucose  in 
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physiological  saline)  obtained  greater  than  expected  infection  rates 
(Tables  2  and  6).  Feeding  flies  on  culture  forms  also  tended  to 
minimize  the  age  effect  in  both  males  and  females  (Table  2),  pos¬ 
sibly  in  part  due  to  the  absence  of  serum  in  the  infective  meal. 

A  post-infection  temperature  of  25°C  also  produced  higher  infec¬ 
tion  rates  than  a  20°C  post-infection  temperature  when  flies  were 
fed  a  serum  free  bloodmeal  (Tables  2  and  7).  By  far  the  highest 
infection  rates  were  obtained  when  flies  were  fed  on  procyclic- 
form  parasites  from  culture.  Using  this  method,  up  to  a  23$  SG 
infection  rate  was  attained  by  male  flies  <2b  h  old  (Table  2). 

The  method  of  infection  evaluation  was  also  found  to  be  signifi¬ 
cant.  Histological  evaluation  consistently  resulted  in  lower  in¬ 
fection  rates  than  evaluations  by  dissection  (Table  8).  This 
limited  the  hinds  of  comparisons  that  could  be  made  between  tests 
13-16  (histologically-evaluated)  and  17-22  (evaluated  by  dissec¬ 
tion). 

Although  the  determination  of  factors  that  influenced  infec¬ 
tion  rates  were  most  important  because  infection  rates  could  be 
maximized,  a  knowledge  of  factors  that  did  not  influence  infection 
rates  was  also  deemed  important.  Using  bloodstream-form  parasites 
to  infect  flies,  post-infection  temperatures  between  15  and  21°C 
did  not  significantly  alter  infection  rates.  Also,  feeding  flies 
on  a  previously,  cyclically-transmitted  isolate  (MFM)  or  on  a 
clone  (WRAtat  l)  derived  from  the  original  LVH-18  isolate  did  not 
significantly  alter  the  infection  rates. 

A  number  of  other  findings  relating  to  development  of  the  para¬ 
site  in  the  fly  were  also  discovered  in  the  course  of  these  experi¬ 
ments.  For  example,  it  was  found  that  some  flies  which  produced 
trypanosomes  in  their  saliva  did  not  have  SG  infections.  Histolog¬ 
ical  preparation  of  these  flies  showed  that  trypanosomes  were,  how¬ 
ever,  present  in  the  esophagus  and  cibarial  pump.  Some  flies  also 
appeared  to  have  immature  SG  infection  that  would  not  infect  mice. 
These  cases  were  thought  to  represent  early  post-invasion  infection 
where  trypanosomes  had  not  yet  developed  into  metacyclic  forms.  On 
the  other  hand,  some  flies  with  heavy  SG  infections  did  not  infect 
irradiated  mice  as  late  as  days  prior  to  dissection,  a  point  when 
one  would  have  expected  at  least  some  metacyclic  forms  to  be 
present.  Since  cloning  of  metacyclics  in  mice  has  shown  that  a 
single  metacyclic  trypanosome  is  capable  of  infecting  a  mouse  (and 
most  probes  produce  hundreds  or  even  a  thousand  or  more  trypano¬ 
somes),  no  explanation  for  the  failure  of  some  flies  to  infect  mice 
could  be  ascertained.  Occasionally,  a  fly  which  had  previously  in¬ 
fs  cted  a  mouse  was  dissected  and  found  clear  of  trypanosomes  in  the 
salivary  glands.  Either  the  SG  infection  was  lost  or  trypanosomes 
from  the  PV  may  have  infected  the  mice.  However,  injection  of  PV- 
form  parasites  into  mice  from  6  differently  aged  flies  (ranging 
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from  lh-36  days  post  infection)  has  not  yet  produced  any  parasi- 
temic  mice. 

Harvesting  parasites  from  salivary  glands  of  many  flies  has 
shown  an  average  harvest  to  be  =  105  parasites,  although  many 
parasites  remain  attached  to  the  gland  epithelium.  Observations 
to  date  have  shown  that  all  SG  infected  flies  also  have  concurrent 
PV  and  MG  infections.  Flies  with  established  MG  infections  (>10 
days  post  infection)  generally  have  heavier  infection  in  the  an¬ 
terior  MG  than  in  the  posterior  MG.  Of  the  hundreds  of  observa¬ 
tions  on  MG-infected  flies,  none  have  shown  infections  in  the 
hindgut  (HG).  It  would  appear  that  the  unfavorable  environment  of 
the  HG  is  sharply  drawn  at  the  MG-HG  juncture  and  that  such  un¬ 
favorable  condition  often  extend  into  the  posterior  MG. 

4 

Although  many  of  the  factors  that  influence  infection  rates 
are  now  known,  the  underlying  bases  for  their  operation  are  not 
understood.  A  complete  understanding  of  these  factors  in  the 
laboratory  could  permit  a  better  correlation  with  the  same  factors 
as  they  operate  in  the  field  situation.  This  should  facilitate 
determination  of  exactly  which  sets  of  conditions  in  the  field  con¬ 
tribute  to  increasing  infection  rates  and  eventually  to  epidemics. 

3.  The  Use  of  Liposomes  to  Treat  Sporozoite  Induced  Malaria 
(in  collaboration  with  the  Department  of  Membrane  Bio¬ 
chemistry,  Division  of  Biochemistry) 

Liposomes  are  phospholipid  bilayer  vesicles  that  are  taken  up 
by  the  reticuloendothelial  system  following  intravenous  injection 
and  are  preferentially  localized  in  the  liver  and  spleen.  In  1978, 
Alving  et  al. ,  demonstrated  that  liposome-encapsulated  antimonial 
drugs  were  far  more  effective  and  much  less  toxic  than  the  drugs 
by  themselves  in  treating  experimental  leishmaniasis  in  hamsters. 
Since  the  initial  stages  of  sporozoite  induced  malarial  infections 
are  confined  to  the  liver  cells,  the  purpose  of  the  present  inves¬ 
tigation  was  to  test  the  effectiveness  of  liposome-encapsulated 
antimalarial  drugs  in  suppressing  malarial  infections.  Surprisingly, 
it  was  discovered  that  liposomes  containing  certain  membrane  gly- 
colipids,  without  the  inclusion  of  drugs,  were  capable  of  inter¬ 
fering  with  the  life  cycle  of  the  malarial  parasite. 

Plasmodium  berghei  malaria  was  cycled  through  Anopheles 
stephensi  mosquitoes  and  Golden  Syrian  hamsters.  Sporozoites  were 
harvested  from  the  salivary  glands  of  the  mosquitoes  18— 2^4  days 
after  the  latter  had  been  given  an  infective  bloodmeal.  The  experi¬ 
mental  animals  (ICR  mice,  Walter  Reed  strain)  were  each  given 
10,000  sporozoites  intravenously  2*+  hours  before  injection  of  the 
liposome  preparation.  The  liposomes  consisted  of  dimyristoyl 


phosphatidylcholine,  cholesterol,  dicetyl  phosphate  and  a  glycoli- 
pid  in  molar  ratios  of  1:0.75:0.11:0.12.  Seventy  nine  percent  of 
untreated  control  animals  (saline  injected)  developed  a  patent 
infection,  usually  between  day  ^  and  6  after  injection  of  the 
sporozoites  compared  with  7-15  percent  of  the  animals  injected 
with  liposomes  containing  galactosyl,  glucosyl  or  lactosyl  cere- 
mide.  Liposomes  lacking  the  carbohydrate  group  were  ineffective 
as  were  ceremides  having  a  strong  negative  charge  attached  to  or 
near  the  terminal  galactose.  Encapsulating  the  antimalarial  drug 
primaquine  (which  acts  against  the  exoerythrocytic  stages  in  the 
liver)  into  the  liposomes  may  reduce  the  percentage  of  animals 
that  become  patent  but,  thus  far,  has  not  been  successful  in 
eliminating  the  infection  altogether. 

Liposome  preparations  effective  against  the  liver  stages  were 
not  effective  against  the  erythrocytic  stages  as  100  percent  of 
the  mice  injected  with  infective  blood  one  day  prior  to  injection 
with  liposomes  containing  galactosyl  ceremide  became  patent.  Nor, 
in  a  single  experiment,  were  the  liposomes  shown  to  have  much  of 
a  prophylactic  effect  in  inhibiting  infection.  Forty  five  of  58 
mice  (77  percent)  injected  with  liposomes  1,  5  and  7  days  prior  to 
sporozoite  injection  became  patent  compared  to  100  percent  of  the 
controls . 

Finally,  it  is  of  interest  to  note  that  very  high  dilutions 
of  the  liposome  preparations  were  therapeutically  effective  in 
that  a  1:1,000,000  dilution  of  liposomes  containing  galactosyl 
ceremide  retained  half  the  effectiveness  of  undiluted  liposomes. 
Additional  details  of  this  study  may  be  found  in  a  recent  publica¬ 
tion  by  Alving  et_  al. ,  (1979). 

1+.  Culture  and  Biology  of  the  Mosquito  Pathogen  Nosema  algerae 
(Microsporida)  in  Insect  Cell  Lines 

Microsporida  are  important  disease  agents  of  insect  pests. 

One  species,  Nosema  algerae  Vavra  and  Undeen,  has  shown  potential 
for  the  biological  control  of  anopheline  mosquitoes ,  particularly 
Anopheles  stephensi  and  An.  albimanus ,  in  limited  field  trials. 

The  microsporidium  causes  heavy  mortality  among  larvae,  reduced 
longevity  and  fecundity  of  surviving  adult  females  and  interferes 
with  the  development  of  Plasmodium  within  infected  female  mosqui¬ 
toes.  However,  much  basic  information  remains  to  be  gathered  about 
the  biology  and  cytopathology  of  Microsporida  in  general  and 
N.  algerae  in  particular. 

The  current  research,  involving  N_.  algerae  in  insect  cell 
lines,  concerns  the  acquisition  or  verification  of  data  about  the 
life  cycle,  cytopathic  effects,  intercellular  transmission,  host 
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specificity  and  mass  rearing.  Cell  cultures,  as  opposed  to  in¬ 
tact  insects,  provide  a  simpler,  better  controlled  post  population 
in  which  the  growth  of  the  microsporidium  may  be  easily  observed. 
Furthermore,  such  in  vitro  systems  may  be  manipulated  to  obtain 
physiological  and  biochemical  information  about  the  protozoan. 

Such  a  line  of  approach  has  been  attempted  only  a  few  times  with 
Microsporida. 

In  this  study,  N.  algerae  was  reared  in  Heliothis  zea  (Corn 
ear  worm)  and  H.  virescens  (tobacco  budworm)  following  peroral  in¬ 
fection  of  larvae.  Doses  of  3  x  10^  spores  per  late  first  stage 
larva  or  5  x  10^  spores  per  second  stage  were  optimal  for  host 
survival  and  spore  production.  Larvae  were  first  starved  for  2b- 
36  hours  and  then  offered  spores  in  10-20  yl  of  water  containing 
a  minimal  amount  of  larval  diet  as  phagostimulant .  With  this  pro¬ 
cedure  the  gut  was  empty,  reduced  in  diameter  and  thus  presented 
less  of  a  physical  barrier  to  infection  by  the  microsporidium. 

Spore  production  was  further  enhanced  by  rearing  the  infected  in¬ 
sects  at  20°C  rather  than  27°C.  At  this  temperature  insect  de¬ 
velopment  was  greatly  prolonged  while  N.  algerae  continued  to 
multiply  at  near  normal  rates. 

Previous  techniques  in  which  spores  were  harvested  from  sur¬ 
face  sterilized  pupae  did  not  provide  sufficient  numbers  of  spores 
without  a  large  number  of  insects  and  investment  in  time  and  labor. 
Infected  adults,  however,  contained  many  more  spores  than  pupae. 
Mass  rearing  of  the  microsporidium  therefore  was  centered  on  har¬ 
vesting  spores  from  one-week-old  adults  each  of  which  yielded 
approximately  10^  spores.  Spores  reared  in  lepidopteran  hosts  do 
not  lose  their  infectivity  or  virulence  for  mosquitoes. 

Spore  harvest  and  purification  were  accomplished  by  surface 
sterilization  of  infected  adults  followed  by  dissection  of  the 
fat  bodies  and  musculature  and  homogenization  in  distilled  water 
containing  1000  meg  gent amyc in/ml.  The  resultant  brei  was 
cleared  of  larger  debris  by  filtration  through  sterile  cotton 
packed  into  a  hypodermic  syringe.  Bacterial  contamination  was 
controlled  by  gentamycin  during  processing  and  storage.  Fungal 
contamination  was  controlled  by  stimulating  the  conidia  in  the 
spore  suspension  to  germinate  by  the  addition  of  tissue  culture 
medium.  Twenty-four  hours  later  the  suspension  was  pelleted  and 
resuspended  in  200  meg  fungizone/ml.  This  process  was  repeated 
twice  more.  Finally  the  spores  were  purified  in  a  discontinuous 
density  gradient  (U0,  50,  60  and  JO  percent  DuPont  Ludox  in  water), 
repeatedly  washed  by  centrifugation  and  stored  in  distilled  water 
with  gentamycin  and  fungizone  at  ^°C. 
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Thus,  far,  fQur  ins,ect  cell  lines  have  been  employed,  namely; 
MOSH3  (An.  Stephen si ), ,  A. a.  T*+3  (.Aedes  aepypti),  TN368  (Tri- 
coplusia  ni )  and  HZ1Q75  (H,  zeal.  An.  Stephen si  is  the  type  host 
of  N.  algerae  while  A.  aegypti  is  very  refractive  to  peroral  in¬ 
fections.  Both  lepidoptera  will  support  growth  of  N.  algerae 
especially  when  the  spores  are  injected  into  the  hemocoel. 

Two  million  cells  from  log-phase  cultures  were  suspended  in 
0.i8  ml  of  Rinaldini's  Salt  Solution  (RSS)  containing  an  addi¬ 
tional  1  mg  KCl/ml,  then  mixed  with  10?  spores  in  0.l6  ml  dis¬ 
tilled  water.  Within  5  minutes  90-95  percent  of  the  spores  germi¬ 
nated.  Aliquots  of  0.1  ml  were  added  to  appropriate  medium  in 
plastic  flasks  or  Leighton  tubes  and  the  cultures  incubated  at 
25°C. 

N.  algerae  established  itself  in  all  four  cell  lines.  Infec¬ 
tion  rates  were  50$  for  A. a  Tl+3,  1*0$  for  MOSl+3,  50$  for  TN368  and 
20$  for  HZ1075  after  2l+  hours  (four  replicates  for  A. a.  Tl+3,  two 
for  each  of  the  other  ceil  lines).  About  60  percent  of  the  HZ1075 
cells  lysed  during  and  after  the  infection  so  that  the  20$  figure 
may  not  be  representative  of  the  H.  zea  line.  The  reason  for  the 
cell  lysis  is  not  clear  but  seems  to  be  associated  with  penetration 
by  spore  polar  filaments  rather  than  the  osmotic  stresses  during 
spore  germination. 

During  preliminary  work  the  earliest  stages  of  N.  algerae  were 
not  easily  seen  in  host  cells  stained  and  examined  with  bright 
field  illumination  nor  was  phase  contrast  microscopy  of  living 
cells  of  value.  The  best  observations  have  been  with  cell  mono- 
layers,  washed  in  80-90$  strength  RSS,  air-dried,  fixed  with 
methanol  and  stained  with  Giemsa.  An  alternate  technique  is 
Heidenhain  hematoxylin  staining  of  Bouin-fixed  cell  monolayers. 

With  such  staining  techniques  N,  algerae  schizonts,  2i-l+8  h  post 
infection,  appear  as  tiny  diplokaryotic  nuclei  in  the  cytoplasm  of 
their  host  cells.  Cells  grown  on  plastic  coverslips  appear  to 
flatten  more  avidly  to  the  substrate  and  hence  are  better  material 
than  those  grown  on  glass  for  observing  the  microsporidium.  Bi- 
and  tetranucleate  schizonts  can  be  identified  and  counted  best  when 
the  host  cells  are  first  exposed  to  a  hypotonic  solution  before 
fixation  and  staining. 

Infected  cells  in  all  four  lines  were  rapidly  outnumbered  by 
uninfected  cells.  Seven  days  post-infection,  the  prevalence  of 
infected  cells  decreased  to  less  than  1$. 

Further  studies  primarily  concerned  the  A. a.  T^+3  (A.  aegypti ) 
line.  If  these  cells  were  grown  in  medium  containing  1%  serum  as 
opposed  to  the  normal  10$  the  growth  rate  of  uninfected  cells  was 
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greatly  slowed  and  the  prevalence  of  infected  cells  decreased  only 
slowly.  Augmentation  of  the  medium  with  serum  and  2  mg  1-glutamine/ 
ml  appeared  to  produce  faster  growth  of  the  parasite  in  the  host 
cells.  Spore  production  Began  in  A, a,  T^3  cells  on  day  3  when 
glutamine  was  present  versus  day  7  when  absent.  This  effect  paral¬ 
lels  the  increased  replication  and  assembly  of  nuclear  polyhedrosis 
virus  in  lepidopteran  cell  lines  when  1-glutamine  levels  were  ele¬ 
vated  in  the  medium.  The  other  cell  lines  have  not  yet  been  studied 
in  detail. 

Parasite  numbers  per  A. a.  Th 3  cell  reached  10-12  before  sporo- 
blasts  appeared.  In  the  smaller  MOS43  cells  parasite  numbers 
reached  6-8  before  sporogony.  In  both  cases  the  host-cell  cytoplasm 
was  filled  by  the  microsporidium  and  the  cell  was  hypertrophied. 

Other  workers  have  reported  greater  multiplication  in  the  larger 
cells  of  Lepidoptera.  These  data  may  indicate  that  nutritional 
limitations,  as  reflected  by  host-cell  size  and  crowding  of  the  pro¬ 
tozoans  within  the  cell,  initiate  sporogony.  Development  of 
N.  algerae  was  synchronous  until  sporogony  at  which  time  the  in¬ 
fected  host  cells  contained  a  variety  of  stages. 

With  continued  cultivation,  infections  disappear  from  A. a.  T^3 
cell  cultures  after  the  third  passage  (two  or  three  weeks  after  in¬ 
fection).  Evidently  there  is  little  or  no  intercellular  transmis¬ 
sion  of  the  microsporidium.  This  situation  is  quite  different  from 
the  observations  of  other  workers  that  the  prevalence  of  infected 
Mamestra  brassicae  (noctuid  moth)  cells  containing  N.  algerae  re¬ 
mains  the  same  over  a  number  of  passages,  despite  the  rapid  multipli¬ 
cation  of  uninfected  cells.  An  extracellular  stage  has  been 
hypothesized  to  explain  the  spread  of  microsporidian  infections  in 
insects.  The  only  free  stages  of  N,  algerae  observed  in  the  A, a, 

Tl*3  cell  cultures  were  those  released  by  lysis  of  the  host  cell  and 
these  were  infrequent.  The  released  parasites  remained  clustered  in 
the  cell  remains  and  showed  no  evidence  of  migration,  In  one  ex¬ 
periment,  examination  of  600  infected  A, a,  T*+3  cells  24-96  h  post¬ 
infection  did  not  disclose  any  evidence  of  microsporida  leaving  a 
host  cell. 


5.  A  Cytogenetic  Study  of  Important  Malaria  Vectors 

Since  the  vector  capacity  of  different  anopheline  mosquito 
species  varies  considerably,  it  becomes  extremely  crucial  that  re¬ 
liable  methods  of  identification  become  established  before  any 
efficient  malaria  control  program  can  be  initiated.  Cytogenetics 
is  one  such  potential  method  of  identification.  Variation  in 
polytene  chromosomal  banding  patterns  are  evaluated  and  then  corre¬ 
lated  to  known  morphological  variants  that  have  been  studied  by 
classical  taxonomic  techniques. 
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A.  The  ovarian  nurse  cell  chromosomes  of  the  neotropical  sub¬ 
genus  Nyssorhynchus  of  Anopheles. 

The  subgenus  Nyssorhynchus  contains  22  species  of  which  5 
(An.  darlingi ,  An.  allopha,  An.  albimanus ,  An.  aquasalis  and  An. 
nuneztovari )  are  considered  to  be  the  primary  vectors  of  malaria  in 
Central  and  South  America.  The  species  in  this  subgenus  are  so 
closely  related  that  their  taxonomic  picture  has  been  confused  for 
many  years.  Workers  studying  the  malaria  problem  in  Central  and 
South  America  have  never  been  sure  just  exactly  what  mosquito  they 
were  dealing  with.  To  obtain  a  better  taxonomic  understanding  of 
the  subgenus,  laboratory  studies  were  initiated  to  determine  the 
value  of  ovarian  nurse  cell  chromosomes  in  the  identification  of 
the  species  in  the  subgenus. 

Anopheles  albimanus ,  the  major  vector  in  costal  Central  and 
northern  South  America  and  the  Greater  Antilles ,  was  chosen  as  the 
first  species  to  be  examined  because  of  the  availability  of  existing 
colonies. 

A  colony  originally  from  the  Gorgas  Laboratory  in  Panama  was 
established  and  maintained  as  a  source  of  adult  female  mosquitoes. 

A  satisfactory  means  of  preparing  nurse  cell  chromosomes  was  de¬ 
veloped.  When  adult  females  are  3-^  days  old  they  are  placed  in 
small  isolated  cages  and  allowed  to  feed  on  anesthetized  hamsters. 

The  mosquitoes  are  then  given  a  nutrient  source  and  placed  in  an 
incubator  at  15°C.  At  regular  intervals  (8,  16,  2b,  32,  Ho,  U8  and 
56  h  after  blood  feeding)  the  adults  are  preserved  in  Carnoy's  3:1 
fixative.  The  ovaries  are  removed  and  each  placed  separately  on  a 
cover  slip  in  a  drop  of  50%  proprionic  acid.  The  ovary  is  then 
dissected  and  the  individual  ovarioles  separated.  The  ovarioles 
are  left  in  the  proprionic  acid  until  they  are  swollen  and  gelati¬ 
nous.  At  this  time  the  proprionic  acid  is  removed  with  filter  paper 
and  a  drop  of  0.5%  lacto-aceto-orcein  stain  added.  Excess  stain  is 
removed  before  adding  a  slide  to  prevent  additional  post-mounting 
staining.  The  slides  are  then  ringed  with  nail  polish  and  remain 
useful  for  several  months.  The  preparations  are  routinely  scanned 
with  bright  field  illumination  and  well  formed  polytene  chromosomes 
are  easily  visible  at  100X  magnification.  Detailed  examination  and 
photography  is  best  accomplished  under  oil  and  sometimes  phase  con¬ 
trast  illumination  is  helpful. 

The  most  critical  factor  in  the  preparation  of  polytene  chromo¬ 
somes  is  the  determination  of  the  exact  time  after  a  bloodmeal  when 
the  nurse  cell  will  be  most  active  and  the  chromosomes  well-developed. 
Mosquitoes,  like  most  dipterals,  have  polytrophic,  meroistic  type 
ovaries  and  characteristically  have  7  nurse  cells  surrounding  a 
single  oocyte.  The  nurse  cells  apparently  contribute  to  yolk 
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deposition  in  the  oocyte.  The  best  preparations  are  obtained  ap¬ 
proximately  h  (at  15°C)  after  a  bloodmeal  or  when  the  ovaries 
are  in  Christopher’s  (1911)  Stage  III.  The  lowered  incubation 
temperature  appears  to  lengthen  the  critical  period.  If  the 
ovaries  are  examined  too  soon  after  a  bloodmeal  (30-1*0  h)  the  chro¬ 
mosomes  take  on  the  appearance  of  giant  lampbrush  chromosomes 
silimar  o  those  seen  in  some  panoistic-type  oocyte  nuceli  (2). 

They  almost  appear  to  be  polyploid  in  some  cases.  In  fact,  a  char¬ 
acteristic  feature  of  nurse  cells  of  polytrophic  ovarioles  is  their 
polyploidy  (2).  As  time  progresses  after  a  bloodmeal  the  homologues 
pair,  remain  in  close  contact  and  replication  continues  until  there 
may  be  1000-2000  individual  chromosomes  in  close  apposition  (3). 

At  this  time  ( U8— 50  h  after  a  bloodmeal)  the  chromosomes  are  well 
formed  and  have  a  unique  and  distinct  banding  pattern  as  a  result 
of  variations  in  the  tertiary  structure  of  the  DNA.  It  is  at  this 
time  that  the  banding  patterns  can  be  mapped.  If  more  time  elapses 
after  the  bloodmeal  the  chromosome  bands  lose  clarity  and  shortly 
thereafter  (55  h  after  a  bloodmeal)  the  chromosomes  become  amorphous. 

An  additional  problem  in  finding  the  optimum  time  of  examina¬ 
tion  is  the  tremendous  variation  observed  in  the  time  required  for 
individual  ovarian  development.  Normal  development  has  been  re¬ 
garded  to  require  60-72  h  at  25°C  after  a  bloodmeal  before  eggs  are 
laid.  In  the  colony  used  in  this  study  egg  laying  at  25°C  required 
anywhere  from  less  than  1*8  to  as  long  as  120  h.  When  adult  females 
kept  at  25°C  were  dissected  2h  h  after  a  bloodmeal  approximately 
20%  of  the  ovaries  were  not  in  Stage  III.  When  females  were  kept 
at  the  lowered  temperature  of  15°C  the  ovaries  developed  at  a  more 
predictable  rate  and  thus  made  finding  the  optimum  time  for  dissec¬ 
tion  easier.  At  15°C  less  than  5%  of  the  ovaries  examined  at  1*8  h 
post- bloodmeal  were  not  in  Stage  III. 

The  chromosomes  are  mapped  by  selecting  preparations  that  are 
not  excessively  stretched  by  the  mechanical  stresses  of  the 
squashing  operation  and  then  starting  to  label  the  bands  from  the 
distal  or  free  end  of  the  chromosome.  Because  each  arm  consists  of 
two  homologous  chromosomes  tightly  synapsed  and  twisted  in  a  spiral 
along  their  length,  the  latter  have  a  cross-section  appearance  of  a 
figure-eight  that  leads  to  variations  in  the  dilatations  and  con¬ 
strictions  (1*).  These  features  are  also  noted  in  addition  to 
mapping  the  bands. 

A  map  of  the  ovarian  nurse  cell  chromosomes  is  now  approxi¬ 
mately  25%  complete.  The  map  should  be  useful  even  though  the 
chromosomes  of  the  nurse  cells  of  An.  albimanus  are  not  as  well  de¬ 
veloped  as  the  nurse  cells  of  many  species  of  anophelines  in  the 
subgenus  Cellia  or  even  as  well  developed  as  the  salivary  gland 
chromosomes  of  An.  albimanus. 
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The  females  examined  in  the  subgenus  Nyssorhynchus  for  nurse 
cell  chromosomes  will  be  identified  by  referring  to  recent  revi¬ 
sions  of  the  subgenus  (5 ,6). 

B.  The  larval  salivary  gland  chromosomes  of  the  neotropical 
subgenus  Nyssorhynchus  of  Anopheles . 

For  the  past  15  years  or  so,  analysis  of  mosquito  salivary  gland 
chromosomes  has  been  recognized  as  a  valuable  tool  in  the  identifi¬ 
cation  of  closely  related  species.  Some  recent  studies  of  the  sub¬ 
genus  Nyssorhynchus  have  included  the  mapping  of  salivary  gland 
chromosomes  and  the  analysis  of  polymorphic  populations.  In  order 
to  further  these  studies  a  project  was  undertaken  to  examine  a 
number  of  different  colonies  of  An.  albimanus  from  various  geo¬ 
graphical  localities  and  try  to  analyze  chromosomal  variation  in 
these  populations. 

The  mosquitoes  for  this  study  consisted  of  6  geographical 
strains.  The  first  strain  was  part  of  the  original  Gorgas  labora¬ 
tory  strain  and  was  obtained  from  Dr.  G.P.  Georghiou  at  the  Uni¬ 
versity  of  California,  Riverside.  The  other  Panama  strain  was 
isolated  in  1973  at  Escobol  in  the  Republic  of  Panama  and  was  ob¬ 
tained  from  Drs.  McWilson  Warren  and  William  E.  Collins  at  the 
Center  for  Disease  Control  in  Atlanta,  Georgia.  They  also  pro¬ 
vided  strains  from  Haiti,  San  Diego  Norte  in  El  Salvador,  and 
Papayal,  Colombia.  The  final  strain  from  El  Salvador  was  obtained 
from  Dr.  Jack  Seawright  at  the  Insects  Affecting  Man  and  Animals 
Research  Laboratory  in  Gainesville,  Florida. 

The  salivary  glands  were  dissected  from  early  fourth  stage 
larvae  as  described  by  Jensen  (7).  The  chromosome  slides  were  pre¬ 
pared  essentially  by  methods  described  by  French,  et_  al . ,  (10). 
Preliminary  chromosome  maps  were  prepared  after  observation  under 
oil  immersion  at  1000X  and  checked  with  the  salivary  gland  chromo¬ 
some  map  of  Keppler  et  al. ,  (9)- 

Preliminary  comparisons  indicate  that  there  are  no  conspicuous 
banding  differences  between  any  of  the  6  strains  examined.  More 
than  1500  slides  have  been  examined  and  none  have  been  heterozygous 
for  any  inversion.  These  results  are  in  agreement  with  the  findings 
of  the  previous  studies  of  salivary  gland  chromosomes  in  albimanus 
(9).  They  are,  however,  in  contrast  to  the  findings  in  other 
species  of  Anopheles  and  especially  those  of  the  subgenus  Nysso¬ 
rhynchus  (10).  All  species  examined  in  the  subgenus,  except  for 
albimanus ,  exhibit  extensive  variation  in  their  chromosome  comple¬ 
ment  with  regard  to  the  presence  of  paracentric  inversions  in  various 
populations. 
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Single-pair  mating  experiments  were  conducted  between  each  of 
the  6  strains.  Results  indicate  that  there  is  essentially  com¬ 
plete  interbreeding  between  strains.  Furthermore,  no  inversion 
heterozygotes  were  observed  in  the  Fp  generation  in  any  of  the 
crosses. 

The  fact  that  albimanus  does  not  appear  to  establish  paracen¬ 
tric  inversions  in  its  populations  is  not  too  surprising.  The 
establishment  of  paracentric  inversions  may  require  that  a  special 
type  of  oogenesis,  not  yet  observed  in  mosquitoes,  occurs. 

C.  Mitotic  and  meiotic  metaphase  chromosomes  of  Anopheles 
albimanus . 

The  karyotype  of  Anopheles  albimanus  was  first  described  from 
larval  brains,  ovaries  and  testes  as  having  2  pairs  of  metacentric 
and  a  pair  of  subtelocentric  chromosomes  (9)-  Recent  examinations 
confirm  this  description. 

The  chromosomes  were  prepared  following  the  methodology  of 
French,  et  al . ,  (8).  All  material  was  pretreated  with  colchicine 
to  block  cell  division.  Mitotic  figures  were  obtained  from  late 
fourth  stage  larvae;  meiotic  figures  from  the  testis  of  male  pupae 
and  ovaries  of  female  pupae. 

D.  The  ovarian  nurse  cell  chromosomes  of  the  leucosphyrus 
group  of  subgenus  Cellia,  genus  Anopheles . 

The  increase  in  malaria  transmission  in  the  Oriental  region 
has  focused  attention  on  the  paucity  of  information  regarding  the 
vectors  in  the  leucosphyrus  group.  Recently  a  new  species  (An. 
airus ) ,  has  been  described  in  the  group  that  is  probably  the  major 
vector  of  malaria  in  Thailand  (ll).  In  the  hope  to  help  elucidate 
the  taxonomic  problems  of  the  group  a  cytogenetic  examination  of 
the  Perils  strain  of  Anopheles  balabacensis  from  Malaysia  was  begun. 
The  strain  was  obtained  from  Ronald  Rosenberg  of  NTH,  Bethesda, 
Maryland. 

The  purpose  of  this  study  was  to  try  to  formulate  a  map  of  the 
adult  female  ovarian  nurse  cell  chromosomes.  The  methodology  for 
examining  the  Ferlis  strain  was  the  same  as  that  previously  described 
for  Anopheles  albimanus . 

Previous  cytogenetic  investigations  using  other  species  in  the 
subgenus  Cellia  have  indicated  that  the  ovarian  nurse  cells  contain 
large  and  well  developed  polytene  chromosomes.  This  has  not  been 
confirmed  in  the  present  study  for  Anopheles  balabacensis  (Perlis 
strain) . 
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The  polytene  chromosomes  from  ovarian  nurse  cells  in  An. 
balabacensis  consist  of  5  elements  with  a  characteristic  banding 
pattern.  The  X  chromosome  appears  to  be  telocentric  and  has  only 
one  arm.  The  right  and  left  arms  of  chromosomes  2  and  3  are  sub¬ 
equal  and  moderately  long.  The  banding  patterns  superficially 
resemble  and  previously  described  IT  species  of  subgenus  Cellia. 

A  detailed  comparison  will  be  attempted  once  the  map  of  balabacensis 
has  been  completed.  Additional  strains  of  balabacensis  will  be 
examined  and  the  ovarian  nurse  cell  chromosomes  mapped. 
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TABLE  3.  Influence  of  age  (<  or  >2U  h  post-eclosion)  and  sex  of  flies  on  nidgut  (MG),  proventricular 
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TABI£  1*.  Influence  of  age  of  flies  (<6  h,  6-36  h ,  or  2l»-30  h  post-ecloei<'"l  on  MG,  PV,  end  8G  Infection  rates 
Files  2l»-30  h  old  were  exposed  to  1S0O  temperature  for  21  *  to  curtail  physiological  aging.  Data 
analysed  by  analysis  of. means  (Ott,  1967)  to  determine  high  (■*•),  low  (-)  or  normal  (0)  infection 
rates.  UDL  -  95%  upper  decision  limit,  LDL  -  95%  lower  decision  limit. 


SS 

U* 

B  ° 

*— 4 

CO 


a 


a 


§• 


XX 

o  c 

vi  O 
4*  *H 

o  ♦> 

fiS 

S3 


♦  I  o 

+  o  o 

♦  1  1 

♦  o  o 

♦  1  o 

+  1  o 

>} 

rn 

IA 

04 

o 

04 

21 

00 

H 

3 

04 

O 

O 

O 

m 

m 

Ol 

IA 

IA 

vo 

IA 

m 

vo 

04 

a 

rH 

04 

O 

H 

& 

• 

vo  ov  m 

m  ia  ov 

co  o 

t—  h  m 

4  t-lA 

HOOI 

iavo  h 

moo  \o 

04  IA 

VOH4 

OV  H  04 

H  04 

IAHW 

e  «  • 

m  h  h 

see 

OHH 

e  *  • 

04  H  H 
»  »  « 

H  O  O 

e  e  * 

H  O  O 
•  e  e 

VO  IA 

IA  t-  h- 

VO  IA  t— 

IAt-h 

vo  o  o 

04  04 

mvo  -4 

H  OJ  h* 

mvo  -4 

H  W  t» 

mvo  -4 

Ov  04  l*~ 

'sN,N. 

N.XN 

OHO 

lAWfO 

Ov  O  CO 

4  mn 

r-  h  h 

h  o  m 

04  H  H 

H 

H  H 

-NO  VO  O 

VO  VO  O 

vo  vo  o 

vo  vo  o 

vo  vo  o 

vo  vo  o 

*  Ol  m 

v  04  m 

v  04  m 

v  04  m 

v  oi  m 

v  04  m 

WJ 

r*  1  1 

K>  vo-4 

r*.  1  1 

°*-VO  -4 

^  V0  4 

04 

01 

04 

04 

01 

04 

ol 

J 

Ol 

SI 

M 

ml 

1649 


-  y 


TABLE  5.  Influence  of  age  of  flies  C<26  vs.  2l»— 30  h  post-eclosion)  on  MG, 
PV,  and  SG  infection  rates.  Flies  2lt— 30  h  old  vere  exposed  to 
18°C  temperature  for  21  h  to  curtail  physiological  aging.  Data 
analyzed  By  difference  to  shov  normal  (0)  or  higher  than 
normal  (+,  .10  *2  level)  infection  rates. 


Location 

Sex/Age 

/Inf  ./total 

Prop.  Inf. 

X2  Signif 

A  *s6 

6  214-30 

31/101 

.307 

0 

10/1*7 

.212 

0 

MG 

<26 

10/1*2 

.238 

0 

2U-30 

13/77 

.169 

0 

ft  <26 

*  2U-30 

29/101 

.287 

0 

8/1*7 

.170 

0 

PV 

h  <26 

7/1*2 

.167 

0 

•  2U-30 

11/77 

.11*3 

0 

x*J  <26 

8/91 

.088 

0 

■'  2U-30 

1/1*0 

.025 

0 

SG 

0  <26 

1/31 

.03£ 

0 

%  2U-30 

3/72 

.01*2 

0 

i 


TABLE  6.  Influence  of  senna-free  Mood  (vith  If  glueose/saline  replace¬ 
ment)  on  MG,  FY,  and  SG  Infection  rates  in?  flies  <24  or  2U— 1*8  h 
post-eclosion.  Data  analysed  ty  *2  difference  to  shov  normal 
Co)  or  greater  than  normal  C+  *  X2  at  .01  level) 


Location 

Age 

#Inf. /total 

Prop.  Inf. 

^2  Significance 

MG 

<2l» 

52/166 

.313 

0 

>2l* 

!*6/l51 

.305 

0 

<2l| 

15/136 

.no 

0 

PV 

>2l» 

29/121 

.2><0 

4- 

SG 

<2U 

1/98 

.010 

0 

>2l» 

9/91 

.099 

■f 

( 
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TABIf  7.  Influence  of  post-infection  temperature  (20  or  20°C)  on  MG,  PV, 
and  SG  infection  rates  in^  flies  infected  using  serua-free 
blood  with  1)J  glucose  in  physiological  saline.  Data  analysed 
using  2  differences  to  show  normal  (0)  or  greater  than  normal 
infection  rates  (+  =  x2  at  .025  level,  2+  *  x2  at  .005/level. 


Location 

Post.  Inf. 
Temp.  (°C) 

Sex/Age 

#Inf. /total 

Prop.  Inf. 

X2  Signif. 

20 

a<2l* 

52/166 

.313 

0 

MG 

25 

"<2k 

25A6 

.51*3 

■f 

20 

«>2l* 

1.6/151 

.305 

0 

25 

*  >2it 

7/15 

.1*6? 

0 

PV 

20 

,<2l» 

15/136 

.110 

0 

25 

*<2k 

19/1*3 

.kl(2 

2+ 

SG 

20 

_<2l» 

1/98 

.010 

0 

25 

*<2k 

3/35 

.086 

+ 
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TABLE  8.  Influence  of  evaluation  method  (histological  or  dissection)  on 
MO,  FV  and  SG  infection  rates  obtained  for  3^  and c  flies  <2U  or 
>2l*  h  post-eclosion  Ccombined)  tests  13-17  Chistological)  pooled 
and  compared  to  tests  17  (dissection)  and%9.  Data  analyzed  by 
X2  difference  vith  0  =  normal  rate  and  ♦  =  y2  significance  at 
.005  level 


Location 

Eval. 

Method 

1  Inf/total 

Prop.  Inf. 

X2  Signif. 

MG 

Hlsto. 

52/1*75 

.109 

0 

Dissection 

87/358 

.21*3 

> 

FV 

Histo. 

31/1*1*9 

.069 

0 

Dissection 

67/352 

.190 

4> 

SG 

Histo. 

8/1*11* 

.019 

0 

Dissection 

15/310 

.OW 

4- 
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23.  (U)  The  objective  Is  development,  production,  and  ^ssay  of  live-attenuated  vaccines 
against  classical  strains  of  dengue  viruses.  The  major  types  (1,2,3,  and  4)  of  this 
virus  are  endemic  throughout  populated  areas  of  the  world,  and  although  mortality  rates 
are  low,  the  incapacitation  effected  by  these  viruses  and  their  associated  sequelae 
could  have  serious  impact  on  military  time  tables  and  troop  mobility. 

24.  (0)  Selected  straina  are  subjected  to  multiple  passages  and  frequent  cloning  in 
tissue  culture  systems,  to  produce  pure  progeny  characterized  by  reduced  virulence  and 
adequate  antigenicity,  that  will  serve  as  candidate  vaccine  seed  virus. 

25.  (0)  78  10  -  79  09  1.  Lot  1  of  dengue-2  vaccine  continued  to  be  tested  in  groups  of 
human  volunteers.  Hon-flavi virus-immune  individuals  received  doses  of  vaccine  ranging 
from  100,000  to  100  PF0.  A  dose  response  pattern  was  not  found  and  8  of  19  vaccinees 
demonstrated  seroconversion  by  standard  tests.  Five  of  these  eight  were  viremic  prior 
to  antibody  appearance.  All  virus  Isolates  contained  small  plaque  virus  with  no 
evidence  of  revertants.  The  frequency  of  dengue-like  clinical  symptoms  was  similar 

to  that  observed  in  the  original  study.  2.  A  radioimmunoassay  (RIA)  was  developed  to 
study  the  humoral  Immunoglobulin  response  to  dengue-2  vaccine.  IgG,  IgM,  and  IgA 
immunoglobulins  were  detected  in  selected  vaccinees.  Antibody  titers  by  RIA  were 
compared  with  those  titers  found  by  standard  tests.  3.  A  production  seed  for  the  C-5 
vaccine  candidate  clone  of  dengue-3  was  found  to  contain  mixed  viral  populations 
showing  varying  degrees  of  temperature  sensitivity.  Failure  to  completely  purify  this 
clone  or  unstable  genetic  characteristics  prevented  further  use  of  this  C-5  line. 

Another  line  of  the  C-5  clone  as  well  as  other  candidate  clones  are  being  characterized 
for  future  use.  For  technical  report  see  WRAIR  Annual  Progress  Report,  1  Oct  78  - 
30  Sep  79. 
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Work  Unit  014  Characteristics  of  attenuated  dengue  viruses 
Investigators. 

Principal:  Venton  R.  Harrison,  M.S. 

Associates:  Kenneth  H.  Eckels,  Ph.D.;  Peter  L.  Summers; 

Sp/5  Guy  L.  Tyndal 

I.  Dengue-2  Vaccine  Progress. 

A.  Adsorption  of  vaccine  virus.  Growth  of  S-l  vaccine  virus 
is  invariably  slower  in  terms  of  virus  titer  post  inoculation  than 
growth  of  the  parent  virus  in  cells  inoculated  with  equivalent 
amounts  of  virus.  A  defect  in  adsorption  may  cause  decreased 
replication  and  at  higher  temperatures  of  growth  may  account  for 
some  of  the  "ts”  characteristics  of  the  S-l  virus.  Adsorption 
was  looked  at  by  infectious  center  assays.  Cell  suspensions  or 
monolayers  were  inoculated  with  S-l  or  parent  viruses  under  con¬ 
ditions  of  varied  temperature  and  pH.  Adsorption  in  the  presence 
of  varying  concentrations  of  NaCl  were  also  done.  Following  ad¬ 
sorption,  cells  were  washed  and  treated  with  DEN-2  antibody  to 
neutralize  extracellular  virus.  The  cells  were  then  diluted  in 
diluent  and  plated  on  LLC-MK2  monolayers  and  overlaid  following 
plaque  assay  procedures. 

Table  1  lists  the  effect  of  pH  on  adsorption  of  S-l  vaccine 
(lot  1)  and  parent  (GM-6,  FRhL-3)  viruses  to  LLC-MK2  cells.  Both 
viruses  adsorb  better  at  the  higher  pH’s  of  7.8  and  8.1  than  at 
pH  6.9  and  7.4. 

Adsorption  in  the  presence  of  increased  (greater  than  physio¬ 
logical)  concentrations  of  NaCl  was  done  using  similar  techniques. 
Table  2  shows  the  effects  of  NaCl  concentration  to  1.5  M,  ten 
times  the  physiological  concentration.  Both  S-l  and  parent  viruses 
adsorbed  to  cells  only  in  the  presence  of  0.15  M  NaCl. 

Temperature  effects  bn  adsorption  were  also  examined  for  the 
two  viruses.  Suspensions  of  FRhL  and  LLC-MK2  cells  were  made  and 
conditioned  in  23C,  31C,  35C,  and  39. 3C  waterbaths.  Viruses  were 
inoculated  and  infectious  centers  calculated  as  above.  The  results 
(Table  3)  indicate  that  the  cell  used  for  inoculation  with  S-l 
virus  is  important  for  adsorption.  Very  little  increase  in  infec¬ 
tious  centers  is  seen  for  S-l  inoculated  in  FRhL  cells  at  increasing 
temperatures,  while  a  marked  increase  is  seen  in  LLC-MK2  cells. 
Parent  virus  adsorption  is  directly  proportional  to  increased 
temperature  in  both  cell  types.  The  adsorption  differences  be¬ 
tween  S-l  and  parent  viruses  are  evident  only  in  FRhL  cells. 
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Table  1.  Effect  of  pH  on  adsorption  of  S-l  and  parent  viruses 
to  LLC-MK2  cells. 


Virus 

pH 

infectious  ctrs/105  cells 

s-ia 

6.9 

6.8  X  10* 

7.4 

6.6  X  10, 

7.8 

2.7  X  10, 

8.1 

1.0  X  102 

b 

parent 

6.9 

2.8  X  102 

7.4 

3.1  X  102 

7.8 

3.7  X  lO2 

8.1 

4.1  X  102 

a 

,  S-l  inoc: 

2.5  X 

10*  PFU/0.2  ml 

b  GM-6  inoc: 

2.2  X 

104  PFU/0.2  ml 
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Table  3.  Effect  of  temperature  on  adsorption  of  S-l  and  parent 
viruses. 


LLC-MK,  23C  2.2 

31C  3.6 

35C  17.4 

39. 3C  19.4 

parent*5  FRhL  23C  6.8 

31C  8.0 

35 C  15.6 

39. 3C  22.0 


LLC-MK,  23C 

31C 
35  C 
39. 3C 


0.6 

6.8 

10.4 

13.4 


J  S-l  inoc:  1.1  X  10*  PFU/0.2  ml 

b  parent  inoc;  1.5  X  10*  PFU/0.2  ml 

B.  .Effect  of  temperature  on  S-l  vaccine  virus  phenotype. 

It  was  reported  in  the  Annual  Report,  1978,  that  temperature- 
dependent  reversion  was  occurring  with  S-l  vaccine  virus  in  FRhL 
cells.  This  was  found  by  growing  S-l  virus  at  31C,  35C,  and  37C 
in  multiple  culture  flasks  and  examining  the  progeny  from  indi¬ 
vidual  flasks  for  temperature  resistant  (tr)  virus,  i.e.  virus 
that  formed  plaques  at  39. 3C.  At  37C,  25%  of  flasks  contained 
tr  virus  while  all  of  those  incubated  at  31C  produced  temperature 
sensitive  (ts)  virus.  This  basic  experiment  was  expanded  to 
include  a  comparison  between  S-l  vaccine  virus  and  S-l,  p-19a 
(PGMK  X  19)  viruses.  Both  were  grown  at  31C,  35C,  and  37C  in 
FRhL  cells.  Table  4  lists  the  7  day  harvest  titers  of  these 
viruses  plaqued  at  35C  as  well  as  the  number  of  cell  culture 
flasks  containing  virus  which  plaqued  at  39. 3C.  The  S-l  vaccine- 
inoculated  flasks  show  an  increase  in  the  percentage  of  flasks 
with  tr  virus  as  a  function  of  increased  temperature.  At  37C, 

65%  of  these  flasks  contained  virus  in  supernatant  culture  fluids 
that  formed  plaques  at  39. 3C,  while  at  31C.,  no  tr  virus  was  found 
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in  any  of  the  infected  flasks.  None  of  the  S-l,  p-19a  virus- 
inoculated  flasks  at  31C,  35C,  or  27C  were  found  to  contain  tr 
virus,  however  virus  titers  were  appreciably  lower  at  all  temp¬ 
eratures  than  virus  from  flasks  inoculated  with  S-l  vaccine  virus 
(Table  4). 

Individual  plaque  isolates  were  made  from  plaques  formed  at 
39. 3C  in  four  S-l  vaccine-inoculated  flasks  incubated  originally 
at  37C.  The  plaque  picks  were  inoculated  into  LLC-MKo  flasks  in¬ 
cubated  at  35C  and  the  supernatant  fluids  harvested  after  14  days. 
Assays  of  the  clone  harvests  from  seven  plaque  picks  listed  in 
Table  5  revealed  that  6  of  7  did  not  form  plaques  at  39. 3C.  This 
would  Indicate  that  these  clones  are  not  revertant  and  the  one 
clone  which  plaqued  at  39. 3C  appears  to  contain  leaky  virus. 

C.  Replication  of  vaccine  virus  in  monkey  peripheral  blood 
leukocyte  (PBL)  cultures.  Halstead  and  O'Rourke  (1)  demonstrated 
that  replication  of  dengue  virus  occurred  in  monkey  PBL  cultures 
when  the  PBL's  were  from  a  dengue-immune  monkey  or  when  a  non- 
immune  cell  donor  was  used  and  diluted  dengue  antibody  was  added 
to  the  culture  system.  Cells  from  a  cynomolgus  monkey,  previously 
immunized  with  DEN-3,  were  inoculated  with  S-l  vaccine  and  S-l, 
p-19a  viruses  at  a  MOI  of  approximately  0.015.  Human  antisera 
with  a  DEN-2  neutralization  titer  of  1:80,  previously  shown  to 
enhance  dengue  virus  replication  in  human  monocytes  (Brandt 
.et  al . ,  in  press),  was  added  to  cell  culture  medium  at  a  final 
dilution  of  1:500.  Both  dengue  immune  monkey  PBL's  and  addition 
of  diluted  homologous  antibody  were  used  for  maximal  enhancement 
of  growth  of  the  S-l  viruses.  On  days  2,  3,  and  4  post  infection, 
triplicate  vials  were  frozen  at  -70C  and  later  assayed  in  LLC-MK2 
cells.  Growth  curve  data  listed  in  Table  6  indicate  that  the  S-l 
vaccine  virus  grows  to  higher  titer  than  the  S-l,  p-19a  virus  in 
monkey  PBL  cultures. 

Comparisons  of  S-l  vaccine  and  S-l,  p-19a  viruses  were  done 
in  the  two  experiments  reported  on  above  to  detect  differences  in 
these  viruses.  Additionally,  it  was  found  that  the  vaccine  virus 
which  is  a  product  of  4  passages  of  S-l,  p-19a  virus  in  FRhL  cells 
had  changed  immunogenically  so  that  monkeys  receiving  the  vaccine 
responded  with  lower  titers  of  antibody  than  did  monkeys  which 
had  previously  been  inoculated  with  S-l,  p-19a  virus  (Eckels 
et  al. ,  submitted  for  publication).  Finally,  a  higher  replica¬ 
tive  capacity  for  the  S-l  vaccine  virus  at  37C  was  found  in 
comparative  growth  curves  with  the  S-l,  p-19a  virus  (Table  7). 


1660 


Table  4.  Emergence  of  tr  S-l  virus  as  a  function  of  increasing 
temperature. 


Virus 

Temp 

No.  cultures  with  tr  virus/ 
total  no.  of  cultures 

S-l,  p-19a 

31C 

0/21 

(9.9  X 

104 ; 

0.1)a 

35C 

0/23 

(8.6  X 

101  i 

0.1) 

37C 

0/22 

(2.1  X 

104  i 

0.2) 

S-l  vaccine 

31C 

0/23 

(3.4  X 

10c  * 

0.3) 

35C 

3/23 

(3.0  X 

10s  f 

0.2) 

37C 

15/23 

(1.8  X 

105  ± 

0.2) 

7  day  harvest 

mean  titer 

-  standard  error  of 

the  mean. 

Table  5. 

Plaque  formation  by  clones 

of  S-l 

virus  grown  at  37C. 

Clone 

PFU/ml 

35C 

39. 3C 

1 

1.5  X  10*  3 

<  5 

2 

7.5  X  103 

<  5 

3 

6.0  X  KT 

<  5 

4 

4.3  X  10^ 

<  5 

5 

3.7  X  103 

<  5 

6 

2.0  X  103 

<  5  2 

7 

8.0  X  103 

6.0  X  10 

Harvest  of  clones  derived  by  plaque  picking  and  amplification 
for  14  days  in  LLC-Ml^  cell  cultures.  Plaques  selected  for 
cloning  were  from  a  39. 3C  assay  of  S-l  vaccine  virus  grown 
at  37C. 
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Table  6.  Replication  of  S-l  vaccine  and  S-l,  p-19a  viruses  in 
monkey  peripheral  blood  leukocyte  cultures. 


Virus 

Day 

PFU/ml  *  Sm 

S-l  vaccine 

2 

61  t  21 

3 

205  t  45 

4 

150  -  55 

S-l,  p-19a 

2 

20-2 

3 

20  i  5 

4 

3-2 

Table  7.  Comparative  replication  of  S-l  vaccine  and  S-l, 
p-19a  viruses  in  LLC-MK2  cells. 


Virus 

Temp 

Day 

PFU/ml 

S-l  vaccine 

35C 

2 

2.2  x  io* 

3 

1.5  X  10f 

4 

2.6  X  10 

37C 

2 

1.7  X  10^ 

3 

1.5  X  10a 

4 

2.4  X  10 

2 

S-l,  n-19a 

35C 

2 

5.0  X  102 

3 

7.5  X  103 

4 

4.8  X  10 

37C 

2 

1.6  X  102 

3 

3.4  X  103 

4 

1.2  X  10 

<► 
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In  summary,  the  behavior  of  in  vitro  markers  for  S-l  vaccine 
virus  which  include  higher  replicative  capacity  at  super-optimal 
temperature,  increased  leakiness,  and  increased  capacity  to  infect 
monkey  PBL  cells  does  not  extrapolate  to  observations  found  in 
vivo,  i„e.  monkey  immunogenicity.  There  is  no  evidence  that  the 
S-l  vaccine  virus  replicates  to  higher  levels  in  monkeys  and,  from 
antibody  data,  the  reverse  appears  to  be  true.  Details  of  these 
experiments  may  be  found  in  Eckels  et  al.  (submitted  for  publi¬ 
cation)  . 


D .  Summary  of  dengue-2  vaccine  human  volunteer  study  no.  2. 

A  study  was  carried  out  in  21  volunteers  from  Ft.  Detrick,  Md., 
and  included  19  flavivirus  nonimmunes  and  2  with  previous  flavi- 
virus  experiences.  The  nonimmune  volunteers  received  one  of  four 
dilutions  of  DEN-2  vaccine;  undiluted  (5),  10“^  (5),  10”*  (5)  and 
10”J  (4).  The  two  flavivirus  immunes  received  placebo  inocula¬ 
tions  . 

Eight  of  the  19  vaccine  recipients  seroconverted  and  five 
had  detectable  viremias.  The  onset  of  viremia  ranged  from  9-13 
days  after  vaccination  and  lasted  5-7  days.  Virus  isolates  ob¬ 
tained  from  serum  retained  the  growth  characteristics  of  the 
vaccine  virus.  Antibody  levels  on  day  30  were  consistent  with 
primary  dengue  infections.  The  frequency  of  seroconversion  at 
each  vaccine  dilution  did  not  correlate  closely  with  virus  dosage, 
so  it  was  not  possible  to  determine  an  ID,-,.  for  the  vaccine  virus. 
Instead,  the  results  suggested  that  immunization  of  nonimmune 
volunteers  is  dependent  on  factors  other  than  virus  dosage. 

None  of  the  volunteers  developed  a  local  reaction  at  the 
injection  site.  However,  a  variety  of  symptomatic  illnesses  were 
reported  by  11  of  21  volunteers  during  the  21  days  following 
vaccination.  Most  of  the  complaints  were  attributed  to  inci¬ 
dental  infections  and  trauma.  Only  2  of  8  people  who  serocon¬ 
verted  to  DEN-2  were  symptomatic.  One  developed  headache, 
myalgia,  eye  pain  and  rash  cortsistent  with  clinical  dengue;  the 
other  had  an  acute  low  back  strain.  One  other  viremic  volun¬ 
teers  developed  an  asymptomatic  rash.  Leukopenia  occurred  in 
two  people  who  seroconverted  and  one  who  did  not.  In  total, 
only  1  of  8  people  who  seroconverted  developed  a  dengue-like 
illness  while  3  others  had  mild  clinical  changes  associated 
with  dengue. 

Aedes  aegypti  mosquitoes  fed  on  seven  volunteers  including 
three  people  who  were  viremic.  Virus  was  isolated  from  2  of  72 
engorged  mosquitoes  that  fed  on  one  viremic  volunteer.  This 
experiment  successfully  demonstrated  that  viremic  vaccinees 
are  capable  of  infecting  natural  dengue  vectors. 
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The  results  of  this  study  suggest  that  the  DEN-2  vaccine  is 
sufficiently  safe  and  immunogenic  to  merit  additional  testing. 

Details  of  the  human  volunteer  study  may  be  found  in  the 
Annual  Report,  Department  of  Virus  Diseases,  WRAIR.  The  Depart¬ 
ment  of  Hazardous  Microorganisms,  the  source  of  vaccine  used  in 
the  trials,  was  involved  in  titration  and  characterization  of 
virus  from  viremic  blood  and  infected  mosquitoes.  Immunological 
responses  were  determined  by  HI,  CF,  and  neutralization  tests 
in  this  laboratory. 

E.  Radioimmunoassay  of  DEN-2  vaccinee  sera. 

1.  Introduction. 

The  radioimmunoassay  (RIA)  has  frequently  been  used  in  lab¬ 
oratories  to  detect  molecules  at  the  nanomole  level  or  lower. 

RIA's  were  originally  found  useful  for  measuring  blood  levels  of 
polypeptide  hormones  such  as  insulin.  Later,  RIA  methodology  was 
applied  to  the  investigation  of  antibodies  to  microorganisms. 

These  early  RIA  techniques  measured  the  amount  of  radiolabelled 
antigen  precipitated  by  specific  antibody.  More  recent  "solid 
phase"  RIA  procedures  use  either  antigen  or  antibody  attached 
to  a  solid  surface  such  as  a  plastic  tube  or  multi-well  plate. 
Labelled  primary  or  secondary  antibodies  are  added  to  the  test 
and  the  amount  of  bound  antibody  is  measured.  Solid  phase  RIA 
has  become  a  useful  immunological  tool  that  does  not  rely  on 
large  amounts  of  intrinsically  labelled  antigens.  Iodination  pro¬ 
cedures  allow  specific  labelling  of  immunoglobulin  molecules. 

Small  volumes  of  reagents  allow  for  many  tests  to  be  done  in  a 
short  period  of  time.  The  sensitivity  of  the  RIA  for  detecting 
small  amounts  of  antigen  and  antibody  is  also  well  established. 

As  part  of  the  DEN-2  immunization  program,  CF,  HI  and  plaque 
reduction  neutralization  tests  were  performed  to  measure  the 
humoral  immune  response  of  the  human  volunteers  following  DEN-2 
vaccination.  Because  of  the  limitations  of  classical  serology, 
a  RIA  was  developed  to  detect  antibody  responses  in  vaccinees 
with  low  or  undetectable  antibody  measured  by  standard  tests. 

In  addition  to  IgG  responses,  volunteer  sera  were  assayed  for  the 
presence  of  IgM  and  IgA  immunoglobulins.  Finally,  the  appearance 
of  RIA  antibodies  was  compared  with  the  increase  in  titer  found 
for  antibodies  measured  by  CF,  HI  and  neutralization  tests. 

2.  Materials  and  Methods. 


a)»  Growth  of  virus.  One  ml  of  DEN-2  strain  PR-159 
(GM-6,  FRhL-3)  Virus  was  inoculated  into  32  oz.  bottles  containing 
monolayers  of  LLC-MK^  cells  or  a  line  of  Aedes  albopictus  (C636) 
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cells  obtained  from  Dr.  Joel  Dalrymple,  Department  of  Virus 
Diseases,  WRAIR.  LLC-M^  cells  were  maintained  in  Medium  199 
containing  2 %  fetal  bovine  serum,  0.1%  penicillin/streptomycin, 
0.05%  fungizone  and  grown  at  35  C.  The  A.  albopictus  cell  line 
was  maintained  with  Dulbecco's  modified  Eagle's  medium  containing 
10%  fetal  bovine  serum,  1%  glutamine,  1%  non-essential  amino 
acids,  0.1%  penicillin/streptoraycin  and  0.05%  fungizone,  and 
incubated  at  28  C.  Infected  cell  cultures  were  harvested  re¬ 
peatedly  at  2-5  day  intervals  until  extensive  cytopathic  effects 
were  observed  in  the  cell  monolayers.  Virus  harvests  were  taken 
for  a  period  of  17  days  in  the  LLC-MKj  cells  and  for  42  days  from 
the  A.  albopictus  cell  cultures. 

b)  .  Virion  purification.  Virus  harvests  were 
initially  clarified  by  centrifugation  at  2,000  rpra  for  20  minutes. 
Polyethylene  glycol  (PEG)  precipitation  was  performed  by  adding 
2.2  gms  of  NaCl  per  100  ml  of  supernatant  fluid  and  7.0  gms  of 
PEG  6000  and  mixed  by  a  magnetic  stirrer  in  an  ice  bath  for  4  hr. 
The  precipitate  was  centrifuged  in  a  GSA  rotor  for  50  minutes 

at  9,500  rpm  and  the  pellet  was  resuspended  in  Tris  saline-EDTA 
buffer,  pH  7.8,  in  0.01  of  the  original  volume.  Four  ml  of  the 
PEG-precipitated  virus  concentrate  was  layered  on  an  8  ml  linear 
potassium  tartrate-glycerol  gradient  and  centrifuged  in  a  SW41 
rotor  for  16  hr  at  40,000  rpm.  After  centrifugation,  twenty-four 
0.5  ml  fractions  were  collected  from  each  gradient  and  screened 
for  HA  and  RIA  activity.  Those  fractions  with  the  highest  HA 
and  RIA  activity  were  pooled  and  frozen  at  -70  C.  An  optimal 
concentration  of  antigen  was  determined  by  checkerboard  titration 
against  mouse  hyperimmune  ascitic  fluid. 

c) .  RIA  procedure.  The  following  procedure  was 
developed  by  Dr.  Joel  Dalrymple  and  used  by  our  laboratory  for 

RIA  of  human  sera.  A  drop  (25  /ul)  of  antigen  diluted  in  Dulbecco's 
phosphate  buffered  saline  was  added  to  soft  microtiter  plates 
(Cooke  Engineering  #220-24)  and  was  air  dried  overnight  at  35  C. 

The  microtiter  plates  were  washed  4  times  with  50  yul  of  "filler" 
which  consisted  of  Dulbecco's  PBS  containing  20%  calf  serum, 

0.2%  sodium  azide  and  0.01%  phenol  red.  After  the  microtiter 
plates  were  washed,  100  yul  of  filler  was  added  to  the  wells  and 
incubated  for  1  hr  at  35  C.  The  filler  was  aspirated  and  the  wells 
refilled  with  25  /ul  of  test  sera  and  incubated  overnight  at  room 
temperature.  The  following  day  the  w^h  procedure  described  above 
was  repeated.  ^1  antiglobulin  or  I  protein  A  was  added  to 
the  wells  in  a  volume  of  25  yul  and  incubated  overnight  at  room 
temperature.  The  wash  procedure  was  repeated  again  as  described 
above.  The  microtiter  plates  were  air  dried,  and  the  wells  cut 
from  the  plate  and  placed  individually  into  counting  tubes  to  be 
counted  for  1  minute  intervals  in  a  Nuclear  of  Chicago  gamma 
counter. 
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3.  Results. 


a)  .  Effect  of  antigen  in  RIA.  Preliminary  RIA 
experiments  were  done  using  DEN-2,  New  Guinea  C  virion  and  cell 
antigens  to  measure  antibody  in  human  volunteer  sera  (Dr.  Joel 
Dalrymple,  personal  communication).  DEN-2  antibodies  were  found 
in  6/17  (38%)  vaccinees  tested  using  extracted,  virus  infected 
CRC  cell  membrane  antigen.  This  percentage  was  increased  to 
63%  using  virion  antigens.  In  order  to  increase  the  sensitivity 
of  the  RIA  for  screening  vaccinee  antibody,  the  vaccine  strain 
(PR-159)  virus  was  used.  RIA’s  employing  vaccine  strain  virions 
were  able  to  detect  antibody  in  several  previously  tested  "non¬ 
responders".  The  percentage  of  vaccinees  with  detectable  DEN-2 
antibodies  was  raised  to  87%  (13/17).  As  was  shown  previously 
in  neutralization  tests,  the  antigenic  difference  between  DEN-2, 
New  Guinea  C  and  PR-159  virus  was  also  evident  by  RIA. 

b) .  Appearance  of  RIA  antibodies.  Sera  from 
eleven  volunteers  were  studied  by  the  RIA  for  the  temporal 
appearance  of  antibodies  following  vaccination.  Included  were 
yellow  fever  "immunes"  who  received  the  DEN-2  vaccine  (WHB,  WLO, 
FHT) ;  those  with  no  previous  flavivirus  experience  who  received 
the  vaccine  and  demonstrated  the  presence  of  HI,  CF  or  neutra¬ 
lizing  antibodies  (GFM,  KMM,  JSR,  JFS  and  KLT) ;  and  the  f  .'nal 

2  volunteers  (SEG  and  SDF)  who  were  also  flavivirus  "virgins" 
when  the  vaccine  was  administered  and  did  not  show  evidence  of 
antibody  stimulation  following  vaccination. 

Human  volunteer  sera  from  pre-vaccination  (day  0)  to  1  year 
post  vaccination  were  serially  diluted  in  0.5  log  increments 
starting  at  a  1:10  dilution.  IgG  levels  were  measured  either  by 
•'■^I-radiolabelled  goat  anti-human  IgG  or  12^I-radiolabelled 
protein  A.  IgM  and  IgA  were  measured  using  125I-radiolabelled 
goat  anti-human  specific  immunoglobulins.  An  RIA  endpoint  titer 
was  expressed  as  a  dilution  of  serum  that  gave  1.5  times  the 
number  of  counts  found  for  the  control  (day  0)  serum.  Allow¬ 
ances  were  taken  for  prozone  phenomena  observed  with  the  lower 
dilutions  of  sera  resulting  in  counts  less  than  1.5  times  above 
control  (day  0)  serum.  This  effect  at  the  lower  dilutions  of 
sera  is  demonstrated  in  Figure  1  where  the  IgM  RIA  for  KLT  shows 
a  prozone  phenomenon  at  serum  dilutions  of  1:10  and  1:30. 


Table  8  lists  IgG  and  IgM  antibody  responses  for  9  volun¬ 
teers  using  "single  point"  determinations,  i.e.,  each  serum 
dilution  was  represented  by  one  sample.  Immunoglobulin  G  was 
measured  by  both  labelled  protein  A  and  labelled  anti-human 
IgG.  The  data  presented  in  Table  8  compares  IgG  titers  by  both 
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methods.  Protein  A  was  slightly  more  sensitive  in  measuring  IgG 
levels  than  anti-human  IgG.  Most  tests  using  protein  A  had  less 
binding  of  label  to  the  control  serum  allowing  for  a  slight 
increase  in  the  sensitivity  of  the  test.  However,  serum  end¬ 
point  titers  found  by  the  two  methods  differed  by  as  mush  as 
1.5  logs.  Protein  A  detected  36  antibody-positive  days  compared 
to  34  days  found  by  anti-human  IgG.  Anti-human  IgG  was  in  83% 
agreement  with  protein  A  in  detecting  antibody-positive  days. 

immunoglobulin  G  responses  were  generally  detected  by  day 
21.  The  earliest  detectable  IgG  was  observed  on  day  10  for 
volunteers  WHB,  SEG,  JSR  and  RLS.  IgG  levels  usually  peaked 
between  days  21  and  60.  In  most  instances,  IgG  levels  persisted 
with  slight  titer  reductions  in  6  month  post-vaccination  sera. 
Exceptions  were  volunteers  GFM  and  RLS,  who  demonstrated  an 
increase  in  6  month  IgG  titers. 

Generally,  detection  of  IgM  coincided  with  the  appearance 
of  IgG  on  day  21  post-vaccination.  Earlier  IgM  responses  were 
observed  and  can  be  found  in  Table  8.  IgM  was  detected  on  day 
4  for  vaccinee  SEG  and  on  day  7  for  volunteers  RLS  a  WHB. 

In  contrast  to  peak  IgG  titers,  peak  IgM  titers  were  usually 
found  to  be  1  to  2  logs  lower.  Volunteers  SEG  and  JFS  were 
two  exceptions  showing  peak  IgM  levels  titering  a  log  higher 
than  peak  IgG  levels.  In  the  majority  of  volunteers,  IgM  was 
not  found  in  6  month  sera.  Only  GFM  had  detectable  IgM  after 
6  months. 

To  decrease  the  variation  introduced  by  single  point  tests, 
each  serum  was  tested  in  triplicate  and  a  mean  was  calculated. 
Also,  to  adjust  for  individual  serum  "stickiness",  the  test 
serum  was  added  to  RIA  plates  containing  no  antigen.  Bound 
counts  were  considered  non-specific  and  subtracted  from  approp¬ 
riate  test  counts.  Table  9  lists  the  results  of  IgG,  IgM  and 
IgA  levels  for  7  vaccinees  assayed  in  triplicate  in  the  RIA. 
Volunteer  KLT’s  Ig  levels  assayed  this  way  are  graphed  in 
Figure  1.  Graphs  showing  Ig  levels  using  triplicate  point 
determinations  were  more  consistent  and  interpretable  than 
graphs  where  single  point  determinations  were  used.  Table  9 
lists  Ig  responses  for  volunteers  taken  at  three  intervals 
after  vaccination.  These  intervals  were  chosen  to  detect  and 
evaluate  early,  optimal  and  late  antibody  development. 

In  comparing  IgG  and  IgM  levels  between  Tables  8  and  9, 
there  is  an  increased  sensitivity  in  detecting  antibody  using 
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Table  8.  Human  response  to  DEN-2  vaccine  measured  by 
RIA  (single  pt  determination) . 


Vaccinee 

Interval 
post  vaccine 

RIA 

Protein  A 

anti-IgG 

anti-IgM 

7  days 

a 

10 

WHB 

10 

10b 

300 

- 

14 

- 

- 

17 

100 

*c 

— 

21 

-10,000 

-30,000 

- 

30 

-10,000 

-30,000 

* 

60 

-10,000 

-30,000 

* 

6  months 

-  3,000 

-30,000 

- 

12 

-  3,000 

-30,000 

- 

4  days 

- 

- 

— 

WLO 

7 

- 

- 

- 

10 

- 

- 

- 

14 

3,000 

* 

- 

21 

-30,000 

-30,000 

30 

60 

-30,000 

-30,000 

* 

6  months 

3,000 

-30,000 

- 

12 

* 

3,000 

- 

4  days 

— 

— 

SDF 

7 

- 

- 

- 

10 

- 

- 

- 

14 

- 

- 

30 

17 

- 

- 

* 

21 

100 

100 

* 

45 

10 

100 

* 

60 

- 

300 

* 

6  months 

— 

'  — 

— 

a 

indicates  titer  <10. 


Serum  titers  are  recorded  as  the  reciprocal  of  the  serum 
dilution  that  bound  labelled  protein  A  or  Ig  at  1.5  X 
above  control  (day  0)  serum. 

indicates  evidence  of  positive  reaction  but  is  not  1.5 
X  above  control  (day  0)  serum. 
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Table  8.  (CONTINUED)  Human  response  to  DEN-2  vaccine  measured 
by  RIA  (single  pt  determination) . 


Vaccinee 

Interval 
post  vaccine 

RIA 

Protein  A 

anti-IgG 

anti-IgM 

SEG 

4  days 

7 

_a 

*h 

*c 

* 

300 

* 

10 

iob 

300 

3,000 

14 

* 

* 

17 

10 

* 

1,000 

21 

— 

mm 

30 

- 

rnm 

10 

45 

10 

300 

1,000 

60 

- 

- 

4  days 

_ 

GFM 

7 

— 

10 

• 

mm 

14 

— 

mm 

17 

- 

mm 

21 

10 

10 

100 

30 

* 

* 

100 

45 

3,000 

1,000 

100 

60 

-30,000 

10,000 

100 

6  months 

-30,000 

*30,000 

300 

4  days 

_ 

JSR 

7 

10 

— 

10 

10 

14 

— 

mm 

17 

mm 

* 

* 

21 

* 

* 

30 

30 

100 

100 

100 

45 

1,000 

1,000 

10,000 

indicates  titer  <10. 


Serum  titers  are  recorded  as  the  reciprocal  of  the  serum 
dilution  that  bound  labelled  protein  A  or  Ig  at  1.5  X 
above  control  (day  0)  serum. 

indicates  evidence  of  positive  reaction  but  is  not  1.5 
X  above  control  (day  0)  serum. 
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Table  8.  (CONTINUED)  Human  response  to  DEN-2  vaccine  measured 
by  RIA  (single  pt  determination) . 


Vaccinee 


Interval 
jost  vaccine 


Protein  A 


RIA 

anti-IgG 


anti-It 


4  days  -a  *C 


RLS 

7 

* 

10 

10 

100b 

1,000 

100 

14 

* 

* 

300 

17 

1,000 

1,000 

300 

21 

1,000 

1,000 

3,000 

30 

10,000 

3,000 

10,000 

60 

-30,000 

-30,000 

3,000 

4  days 

- 

- 

- 

JFS 

7 

- 

- 

- 

10 

- 

- 

- 

14 

- 

- 

- 

17 

- 

* 

- 

21 

- 

- 

* 

30 

3,000 

* 

10,000 

45 

10,000 

3,000 

3,000 

60 

10,000 

3,000 

10,000 

6  months 

300 

* 

- 

7  days 

— 

KLT 

10 

- 

- 

- 

14 

- 

- 

- 

17 

- 

- 

- 

21 

10,000 

1,000 

1,000 

30 

3,000 

300 

300 

45 

-30,000 

-30,000 

* 

60 

3,000 

300 

- 

6  months 

10,000 

30 

indicates  titer  ^  10. 


b 

Serum  titers  are  recorded  as  the  reciprocal  of  the  serum 
dilution  that  bound  labelled  protein  A  or  Ig  at  1.5  X 
above  control  (day  0)  serum. 


indicates  evidence  of  positive  reaction  but  is  not  1.5 
X  above  control  (day  0)  serum. 
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Table  9.  Human  response  to  DEN-2  vaccine  measured  by  RIA 
(triplicate  pt  determination) 


Vaccinee 

Interval 
post  vaccine 

RIA 

anti-IgG 

anti-IgM 

anti-IgA 

day  17 

300 

30 

ND 

SDF 

day  45 

30 

30 

6  months 

30 

30 

day  21 

-30,000 

300 

ND 

KMM 

day  30 

*30,000 

100 

4  months 

*30,000 

- 

day  17 

• 

— 

ND 

JFS 

day  30 

30 

3,000 

6  months 

300 

- 

day  17 

100 

_ 

.. 

KLT 

day  30 

1,000 

100 

3,000 

6  months 

300 

- 

300 

day  17 

30 

100 

ND 

WHB 

day  30 

-30 ,000 

3,000 

6  months 

-30,000 

3,000 

day  21 

-30,000 

30 

ND 

WLO 

day  60 

-30,000 

- 

6  months 

10 

- 

day  17 

100 

— 

FHT 

day  30 

-30,000 

3,000 

3,000 

6  months 

-30,000 

1,000 
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Figure  1.  (a)  Ig  response  for  human  volunteer 
KLT  measuring  IgG, 
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Figure  1,  (c)  Ig  response  for  human  volunteer 
KLT  measuring  IgA. 
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triplicate  sampling.  Table  9  lists  4  more  additional  IgG- 
positive  days.  Volunteers  SDF,  JFS  and  KLT  were  positive  on 
day  17  and  IgG  was  evident  in  SDF’s  6  month  serum.  Table  9 
further  notes  the  detection  of  5  more  IgM  positive  days  not 
listed  in  Table  8.  These  IgM  responses  were  measured  for  SDF 
and  WBB,  Otherwise,  both  Tables  8  and  9  expressed  similar 
IgG  and  IgM  patterns.  RIA  measurement  of  2  vaccinee's  IgA 
response  can  be  found  in  Table  9.  Both  the  yellow  fever 
"immune”  (FHT)  and  flavivirus  "virgin"  (KLT)  gave  analogous 
IgA  antibody  responses.  Both  volunteers  showed  no  evidence 
of  detectable  IgA  on  day  17.  Similarly,  both  IgA  titers  peaked 
at  day  30  after  immunization,  followed  by  a  reduced  but  still 
persistent  level  of  IgA  at  6  month’s  post  vaccination. 

4.  Summary. 

The  main  objectives  of  this  study  were  clearly  attained.  The 
first  3  classes  of  immunoglobulins,  IgG,  IgM  and  IgA  were  defi¬ 
nitely  demonstrated  in  both  yellow  fever  "immunes"  and  flavi¬ 
virus  "virgins".  Secondly,  IgG  and  IgM  Antibodies  were  detected 
by  RIA  in  previously  classified  "non-responder"  volunteers. 

The  advantages  of  the  RIA  are  many.  These  include  1)  yul 
amounts  of  reagents;  2)  high  degree  of  sensitivity  for  detection 
of  viral  antibody;  3)  versatility  to  measure  different  classes 
of  immunoglobulins.  Future  studies  should  include;  1)  improved 
methodology  for  test  procedures  and  interpretation  of  positive 
endpoint  titers;  2)  RIA's  to  measure  the  specificity  and  cross 
reactivity  of  sera  for  other  DEN  serotypes  and  yellow  fever 
antigens. 

II.  Dengue-3  Vaccine  Progress. 

A.  Preparation  of  a  production  seed  for  the  C-5  clone  of 
DEN- 3.  Previous  Annual  Reports  have  documented  isolation  and 
passage  of  a  clone  (C-5)  of  DEN-3,  CH53489  to  a  master  seed 
prepared  in  FRhL  cells.  Following  procedures  used  for  the 
master  seed,  a  production  seed  was  prepared  using  FRhL  roller 
flasks  inoculated  with  C-5  master  seed  virus.  A  final  harvest 
was  taken  on  day  21  with  several  media  changes  occurring  up  to 
this  time.  Plaque  assays  on  individual  flasks  done  immediately 
on  day  of  harvest  revealed  that  all  usable  flasks  contained 
virus  that  plaqued  at  39.3  C.  EOP  values  (39.3  C/35  C  PFU 
ratio)  were  high  compared  to  values  from  other  seeds  made 
previously.  The  EOP  range  was  0.034  to  0.15  for  10  flasks  of 
the  production  seed  while  a  10th  passage  C-5  seed  had  an  EOP 
of  0.001.  Further  examination  of  the  pooled  harvest  revealed 
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growth  of  the  C-5  seed  at  38.5  C  and  also  a  high  degree  of 
replication  in  suckling  mouse  brain  (2.1  X  10^  PFU/0.2  ml  by 
day  7).  Mixed  plaque  size  at  35  C  was  also  quite  evident. 

This  seed  could  not  be  used  for  vaccine  production. 

B .  Preparation  of  master  seeds  for  C-5  sublines.  From 
the  results  of  the  production  seed  and  some  evidence  of  mixed 
plaque  size  and  tr  virus  in  the  master  seed,  it  was  agreed 
upon  to  use  the  14th  passage  of  the  C-5  sublines  to  prepare 
I  7  small  batches  of  master  seed.  Each  subline  was  inoculated 

into  FRhL  roller  flasks  and  harvests  taken  on  day  12.  Results 
-  of  plaque  assays  of  the  harvests  are  listed  in  Table  10.  Some 

degree  of  heterogeneity  was  evident  in  plaques  seen  at  35  C  and 
low  titers  of  virus  were  seen  in  39.3  C  assays.  A  day  21 
harvest  revealed  some  increase  in  tr  virus  that  plaqued  at 
39.3  C. 

Each  harvest  was  also  assayed  in  suckling  mice  by  intra¬ 
cerebral  inoculation  and  brain  pool  titers  are  listed  in  Table 
*  11.  Two  mice  inoculated  for  each  subline  were  sacrificed  daily 

for  10  days  and  20%  brain  homogenates  were  prepared  for  plaque 
assay.  All  virus  recovered  from  the  homogenates  was  small 
plaque.  Titers  were  comparable  to  those  found  for  earlier 
passages  of  C-5.  The  parent  virua  (FRhL-6)  in  similar  assays 
has  reached  titers  of  -  10^  PFU/0.2  ml.  By  this  marker,  the 

I  C-5  sublines  looked  attenuated. 

■ 

To  test  for  homogeneity  of  the  C-5  subline  master  seeds 
and  also  to  test  for  leakiness  and  reversion  in  these  seeds, 
individual  clones  were  isolated  from  3  of  the  subline  seeds. 
Plaques  were  picked  from  assays  done  at  35  C  and  39.3  C  and 
inoculated  into  LLC-MK2  cell  culture.  A  14  day  harvest  was 
taken  for  each  clone  and  assayed  at  35  C  and  39.3  C.  Table 
12  lists  the  characteristics  of  24  clones  derived  from  3  sub¬ 
lines.  Four  clones  were  also  derived  from  the  parent  (FRhL-6) 
virus  and  included  in  the  table.  From  the  35  C  plaque  picks 
(12)  of  the  3  sublines,  8  contained  tr  virus,  i.e.  virus  that 
plaqued  at  39.3  C.  Six  of  these  8  clones  also  had  mixed  plaque 
morphology.  Of  those  clones  derived  by  picking  plaques  from 
a  39.3  C  assay,  9  of  12  contained  tr  virus  and  all  9  had  mixed 
plaque  morphology. 

The  high  degree  of  heterogeneity  in  these  seeds  made  them 
unusable.  The  emergence  of  tr  virus  to  high  titers  in  previous 
master  and  production  seeds  was  most  likely  linked  to  this 
heterogeneity.  The  cloning  characterization  as  described  above 
had  to  be  used  to  substantiate  the  presence  of  tr  virus  popula- 


) 
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Table  10.  Master  seed  harvests  (FRhL-16b,  days  12  and  21) 
for  the  7  sublines  of  the  05  clone. 


Sub line 

day  12 
PFU/0.2  ml 

day  21 

PFU/0.2  ml 

35  C 

39. 

,3 

C 

35 

C 

39.3  C 

1 

1.3  X  10* 

1.3 

X 

101 

2.3 

X  103 

1.2  X  101 

2 

1.3  X  10* 

1.1 

X 

10* 

1.3 

X  103 

6 

3 

8.2  X  103 

1.5 

X 

101 

4.8 

X  102 

3 

4 

6.7  X  10J 

9 

1.4 

X  103 

3 

5 

1.4  X  10* 

3 

6.1 

X  102 

8  . 

6 

1.0  X  107 

7 

3.8 

X  102 

1.2  X  101 

7 

1.5  X  10 

2.7 

X 

101 

3.8 

X  102 

5 

Table  11, 

Master  seed  harvests  (FKhL-16b, 
mice. 

day  12)  in  suckling 

Brain  homogenate 

Sub line 

PFU/0.2  ml 

Day  of  max  titer 

1 

25 

7 

2 

4 

5 

3 

7 

6 

4 

4 

7 

5 

10 

5 

6 

6 

10 

7 

4 

6 
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Tabic  12. 


Plaque  characteristics  of  clones  from  master  seed  (C-5)  sublines  1,  5,  and  6. 


Plaque 

Pick* 

Sub line 

Plaque 

Morph 

14  Day 

SOP  Yield,  p-18 

35C 

39. 3C 

LOP 

Plague 

Morph 

1 

1 

l  (35C) 

2.4  X  loij 

7 

0.003 

Mix 

2 

S 

3.1  X  lOt 

1.8  X 

101 

0.006 

Mix 

3 

s 

2.9  X  10' 

0 

<  0.0003 

S 

4 

L 

1.4  X  10, 

5.7  X 

10i 

0.04 

MIX 

5 

1 

S  (39. 3C) 

1.0  X  10, 

8,8  X 

10 1 

0.09 

Mix 

6 

S 

5.2  X  10' 

0 

0.002 

S 

7 

S 

4.5  X  10^ 

4.7  X 

10* 

0.1 

L 

8 

S 

6.5  X  10, 

5 

0.008 

Mix 

9 

5 

S  (35C) 

2.6  X  10, 

4 

0.002 

S 

10 

S 

3.3  X  10' 

2.1  X 

10l 

0.006 

Mix 

11 

s 

2.2  X  10, 

0 

<  0.0005 

S 

12 

s 

1.3  X  10, 

3.0  X 

10? 

0.02 

Mix 

13 

5 

S  <39.30 

1.9  X  10' 

$.6  X 

10 

0.03 

L 

14 

S 

4.4  X  10, 

?.l  X 

I02 

0.16 

l 

15 

s 

4.1  X  10, 

3.9  X 

1° 

0.1 

l 

16 

s 

4.0  X  10, 

3.7  X 

10 

0.009 

Mix 

17 

6 

L  (350 

2.8  X  10, 

4,8  X 

10l 

0.02 

Ml< 

18 

L 

1.9  X  10, 

0 

<  0.0005 

S 

19 

S 

5.6  X  10$ 

2 

0.004 

S 

20 

S 

5.9  X  10 

0 

<  0.002 

S 

21 

6 

S  (39.30 

4.3  x  io: 

0 

<  0.002 

Mix 

22 

S 

3.6  X  10, 

0 

<  0.003 

Mix 

23 

S 

2.5  X  10, 

2.7  X 

10 

l.l 

L 

24 

s 

6.4  X  107 

2.5  X 

10? 

0.4 

L 

25 

PAR,  FRhl-6 

s  (350 

1.5  X  102 

3.4  X 

103 

0.2 

Mix 

26 

l 

1.2  X  10, 

2.0  X 

10 

0.2 

Mix 

27 

L 

3.2  X  10, 

1.0  X 

1°  3 

0.3 

Mix 

28 

L 

7.6  X  10 

1.3  X 

io3 

0.2 

Mix 
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tions.  Since  the  virus  had  to  be  grown  for  14  days,  there  is 
also  the  possibility  of  reversion  occurring  during  passage. 

This  would  be  an  extremely  high  rate  of  reversion  that  would 
be  unexpected  for  this  virus. 

Heterogeneity  in  the  master  seed  would  indicate:  1)  emer¬ 
gence  of  revertants  upon  passage  or  2)  unsuccessful  cloning  of 
the  original  isolate.  Since  terminal  dilution  techniques  had 
to  be  used  for  the  series  of  clonings  done  at  passages  11  to 
13,  there  is  a  good  chance  that  individual,  genetically  homo¬ 
geneous  virus  populations  were  not  derived  by  these  procedures. 
Also,  amplification  of  the  original  C-5  isolate  at  passages  9 
and  10  for  "adaptation”  to  FRhL  cells  may  also  have  introduced 
unwanted,  tr  virus.  One  or  both  of  these  hypotheses  to  explain 
the  heterogeneity  of  the  C-5  seeds  is  valid. 

C.  New  line  of  C-5  passages.  The  C-5  clone,  originally 
purified  by  terminal  dilution  cloning  of  the  parent  (FRhL-6) 
virus,  was  prepared  in  a  seed  at  the  8th  passage  level.  Ampli¬ 
fication  at  passages  9  and  10  were  done  for  adaptation  purposes 
as  described  above.  Another  line  of  passages  was  made  prev¬ 
iously  to  this  which  consisted  of  terminal  dilution  cloning 
steps  at  passages  9  and  10  and  a  seed  preparation  at  passage 

11  in  FRhL  cells.  The  passage  designated  FRhL-llb  was  used  for 
initiation  of  a  FRhL-12b  passage.  A  12  and  14  day  harvest  of 
the  C-5  clone  at  this  passage  level  was  characterized  by  cloning 
as  described  above.  A  series  of  30  clones  from  a  35  C  plaque 
assay  were  examined,  14  from  the  day  12  harvest  and  16  from  the 
day  14  harvest.  Only  one  clone,  from  the  day  12  harvest,  con¬ 
tained  tr  virus. 

Another  passage  (FRhL-13b)  of  C-5  was  made  in  FRhL  rollers 
and  a  12  day  harvest  was  again  characterized  for  tr  virus  clones. 
Out  of  a  series  of  39  clones,  23  contained  virus  that  plaqued  at 
39.3  C.  Seventeen  of  the  23  tr  clones  also  had  mixed  plaque 
morphology  consisting  of  small,  medium,  and  large  plaques. 

Again,  emergence  of  tr  virus  or  reversion  from  ts  to  tr  virus 
appeared  in  a  C-5  seed.  Attempts  to  adequately  clone  this  virus 
and  to  find  more  stable  subpopulations  are  underway.  These 
passages  will  be  done  by  plaquing  in  PGMK  cells. 

D.  Freeze-drying  of  a  C-5  seed.  The  C-5  clone,  FRhL-12b 
was  used  for  defining  conditions  of  freeze-drying  for  maximal 
recovery  of  virus.  Previously,  FBS  or  human  serum  albumin 
(HSA)  have  been  used  as  stabilizers  for  freezing  and  freeze¬ 
drying.  Preliminary  data  with  C-5  seeds  indicated  that  virus 
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was  lost  when  frozen  in  FBS  concentrations  to  50%.  Sucrose  has 
been  used  in  some  bacterial  seeds  that  are  freeze-dried  to  main¬ 
tain  viability  upon  rehydration  (S.  Berman,  personal  communica¬ 
tion).  Sucrose  combined  with  FBS  or  HSA,  FBS  or  HSA  alone,  and 
absence  of  stabilizer  were  examined  for  freezing  and  freeze-drying 
of  the  C-5,  FRhL-12b  seed.  Table  13  lists  results  in  terms  of 
percent  loss  of  virus  on  freezing  or  freeze-drying  using  a  fresh 
titrated  sample  as  a  standard  of  comparison.  Addition  of  sucrose 
appears  to  be  useful  in  stabilizing  C-5  virus  after  freeze-drying 
in  HSA  and  to  a  lesser  extent  in  FBS. 
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Table  13-  Stabilization  of  C-5  virus  during  freezing  and  freeze-drying 
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increased  therapeutic  efficacies  and  decreased  host  toxicities  will  be  identified,  and 
where  justified,  submitted  for  preclinical  studies. 

25.  (U)  During  this  fiscal  year,  sixty-eight  compounds  were  screened  topically  in  the 
secondary  prophylactic  test  using  ICR  mice.  Of  these,  thirty-four  were  active  when 
tested  without  post-application  water  wash  and  eighteen  of  these  had  activity  even 
after  a  1/2  hour  running-water  wash.  The  most  active  structural  classes  were  the 
4-aminoquinolines  (13  active  of  21  tested),  the  8-aminoquinolines  (3/3),  and  the 
biphenyls  (5/14)  and  there  were  10  active  chemicals  of  miscellaneous  structures  (of  24 
tested).  A  selected  4-aminoquinoline  and  hexachlorophene  each  inhibited  cercarial 
penetration  per  se.  A  nitro-biphenyl  isothiocyanate  was,  in  contrast  shown  to  have  a 
delayed  antischistosomal  effect.  For  technical  report  see  Walter  Reed  Army  Institute 
of  Research  Annual  Report,  1  Oct  78  -  30  Sept  79. 
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1.  Description 


Schistosomiasis  is  a  debilitating  group  of  diseases  resulting 
from  intra-vascular  egg  deposition  by  the  adult  worms  of  Schiata- 
soma  mansonl,  j>.  japonicum,  mekongi  or  £.  haematobium. 

Species  of  human  schistosomes  occur  in  freshwater  environments 
in  areas  in  the  Caribbean,  northern  South  America,  Africa,  the 
Middle  East  and  the  Far  East.  U.S.  military  forces  deployed  in 
any  of  these  areas  would  be  exposed  at  great  risk  if  safe, 
effective  prophylactic  antischistosomal  drugs  were  not  available 
and,  to  date,  there  is  no  drug  which  has  been  approved  for 
prophylactic  use  against  any  human  schistosome. 

The  Schistosomiasis  Section  has  been  screening  and  evaluating 
chemicals  against  the  Puerto  Rico  strain  of  £.  mansoni  cercariae 
to  assist  in  the  development  of  effective  prophylactic  anti¬ 
schistosomal  drugs.  Test  compounds  were  applied  to  tails  of  mice 
and  each  animal  was  subsequently  individually  exposed  to 
schistosome  infection  by  immersion  of  the  tail  in  water  contain¬ 
ing  approximately  100  cercariae.  Parameters  of  activity  are  the 
number  of  cercariae  remaining  in  the  exposure  fluid  and  the 
number  of  adult  worms  recovered  by  perfusion  on  Day  49  post 
exposure. 

In  addition,  the  Schistosomiasis  Section  coordinates  and 
supports  screening  operations  conducted  at  the  U.S.  Army  Medical 
Research  Unit  at  the  University  of  Brasilia,  Brazil.  Candidate 
drugs  are  tested  for  prophylactic  activity  in  the  Primary 
Mortality  Test  (drugs  administered  two  days  after  exposure  to 
cercariae)  and  for  curative  activity  in  the  Primary  Curative  Test 
(drugs  administered  on  Days  33-37  after  infection). 

2.  Progress 

During  the  past  year  at  the  University  of  Brasilia,  410 
compounds  were  tested  for  prophylactic  activity  against  !3.  man- 
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soni  (Paulista  strain).  Of  these,  132  were  toxic  and  19  were 
active.  Of  343  compounds  tested  in  the  curative  screen,  54  were 
toxic  and  24  had  activity. 

The  Schistosome  Section  examined  68  compounds  for  topical 
prophylactic  activities.  Results  are  summarized  in  Table  1. 
Thirty-four  of  the  compounds  were  active  when  tested  without 
running-water  washes  before  exposure.  Eighteen  retained  their 
activities  even  when  application  was  followed  by  a  one-half  hour 
running-water  wash.  The  most  active  structural  classes  were  the 
4-aminoquinolines,  the  8-aminoquinolines  and  the  biphenyls. 

There  were  10  active  compounds  of  miscellaneous  structures. 

Some  of  the  4-aminoquinolines  were  active  at  concentrations 
below  0.625%  (w/v).  A  0.312%  solution  of  WR  93,156  provided 
complete  protection  with  or  without  a  one-half  hour  water  wash. 

A  0.625%  solution  significantly  inhibited  cercarial  penetration 
even  when  the  application  was  followed  by  a  three-hour  running 
water  wash. 

WR  234,927  and  WR  234,928,  related  chemicals  of  the  biphenyl 
group,  possessed  high  prophylactic  activities  when  the  interval 
between  application  and  cercarial  exposure  was  limited  to  one 
day.  Recoveries  of  cercariae  from  the  exposure  vessels  at  the 
end  of  the  exposure  period  were  only  slightly  elevated  over 
those  of  solvent-treated  control  groups,  but  less  than  two  per¬ 
cent  of  the  exposure  dosage  was  found  in  liver  as  adult  worms. 

It  is  apparent  that  these  compounds  afforded  protection  despite 
their  failure  to  inhibit  cercarial  penetration  of  skin.  On  Day 
One  after  exposure,  approximately  the  same  concentrations  of 
schistosomula  were  present  in  samples  of  tail  skin  of  both 
WR  234,927-treated  and  solvent-treated  mice.  The  migration  of 
the  schistosomula  from  the  skin  by  Day  Five  appeared  to  be 
similar  in  both  groups.  Hence,  it  is  concluded  that  the  skin  was 
not  the  site  of  activity  of  WR  234,927.  Investigations  to 
establish  the  site(s)  of  worm  death  resulting  from  treatment  with 
this  chemical  are  being  continued. 

The  most  active  tested  biphenyl  was  hexachlorophene  which 
appeared  to  prevent  cercarial  penetration.  In  Table  2,  it  is 
indicated  that  hexachlorophene  provided  some  protection  even 
when  the  application  was  followed  by  a  five-hour  water  wash. 
Useful  protection  persisted  through  washes  as  long  as  three 
hours.  (Histological  examination  of  skin  of  tails  exposed  to  S.. 
man soni  cercariae  confirmed  that  extremely  few  cercariae  pene¬ 
trated  into  1.25%  (w/v)  hexachlorophene-treated  tails  when  the 
interval  between  chemical  application  and  cercarial  exposure  is 
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kept  short.)  In  Table  3,  it  is  seen  that  useful  protection  con¬ 
tinued  to  three  days  under  dry  conditions  and  there  was  some 
protection  at  six  and  seven  days,  Hexachlorophene  apparently  is 
rapidly  cercaricidal  and  some  of  the  observed  protection  may 
have  been  due  to  hexachlorophene  which  had  been  leached  from  the 
treated  skin  into  the  exposure  fluid.  To  test  this  possibility, 
tails  of  mice  with  various  pretreatments  were  immersed  in  water 
in  exposure  tubes  for  one  hour.  The  treated  mice  were  removed, 
cercariae  were  added  to  the  tubes  and  previously  untreated  mice 
were  exposed.  The  results,  in  Table  A,  demonstrates  that  hexa¬ 
chlorophene  was  leached  from  treated  skin  into  the  exposure 
fluids  even  when  its  application  had  been  followed  by  a  five-hour 
running  water  wash. 

Important  observations  made  during  this  past  year’s  research 
include  the  following: 

1.  Some  effective  topically-applied  compounds  inhibit 
cercarial  penetration  but  others  apparently  have  a 
delayed  effect  resulting  in  eventual  worm  death  in  the 
skin  or  in  deeper  host  tissues. 

2.  Toxic  amounts  of  some  active  chemicals  still  diffuse 
from  the  skin  into  the  exposure  fluid  even  when  post- 
application  water  washes  of  several  hours  are  employed. 


Table  1.  Classes  of  Compounds  Tested  Topically  for  Antl- 

AcSvity"”  “'lty  and  Nu”bers  °f  Me”b«s  Showing 


Class 


Number  Number  Number  Active 

Tested  Active  After  Water  Wash* 


Acridines 

Acridinophenones 

4-Aminoquinolines 

8-Aminoquinolines 

Anthracene 

Biphenyls 

Wood  Extracts 


Miscellaneous 


TOTALS 


Wash  of  1/2  hour  duration. 
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Table  2.  Percent  Cercarial  Exposure  Dosage  Recoverable  as  Unpenetrating  Cercariae  or  Day— 49 
Adult  Worms  from  Mice  Whose  Tails  were  Pre-treated  with  1.25%  (w/v)  Hexachlorophene 
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*Mean  +  2  Standard  Errors 
(n)  Sample  size 


Table  4.  Cercaricidal  Effects  of  Hexachlorophene  Leaching  into  Cercarial  Exposure  Media 
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Malaria;  (U)  Leishmaniasis;  (U)  Trypanosomiasis; 
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23.  (U)  The  objective  is  to  manage,  integrate,  and  provide  technical  direction  for 
both  a  contract  and  in-house  program  to  obtain  potentially  active  antiparasitic  agents 
for  military  use  through  rational  organic  syntheses. 

24.  (U)  Necessary  research  areas  are  defined,  proposed  research  evaluated,  ongoing 
research  guided,  evaluated,  and  integrated  with  the  other  program  elements.  Technical 
advice  is  obtained  through  an  Ad  Hoc  Study  Group  on  Medicinal  Chemistry.  Information 
is  exchanged  by  contractors  through  technical  meetings. 

25.  (U)  Several  outstandingly  active  antimalarial  compounds  have  been  obtained  in  the 

acridinedione  and  acridinedione  imine  series.  Final  testing  in  the  Aotus  monkey  will 
determine  at  least  one  candidate  of  each  class  for  pharmacological  studies  and  IND 
preparation.  Synthesis  in  these  areas  is  being  phased  out.  Outstanding  activity  was 
also  obtained  with  new  amodiaquin  analogs;  synthesis  is  being  phased  out  and  INDs  are 
being  prepared  on  two  compounds.  An  outstanding  8-aminolepidine  has  been  obtained; 
toxicity  studies  are  being  carried  out  and  an  IND  is  being  prepared.  Synthesis  in 
this  area  is  being  phased  out.  Certain  thiosemicarbazones  continue  to  show  modest 
antimalarial  activity  but,  as  a  spin-off,  outstanding  wide  spectrum,  in  vitro  anti¬ 
bacterial  activity.  The  synthesis  of  potential  antileishmanial  8-aminolepidines  has 
continued.  The  synthesis  of  potential  antitrypanosomal  and  antischistosomal  agents 
has  been  confined  to  nucleoside  type  compounds.  During  the  year  approximately  245 
target  antiparasitic  compounds  were  submitted.  Conversion  of  the  old  data  processing 
system  to  a  new  fully  integrated  in-house  system  has  continued.  The  inventory  system 
has  been  completed  and  the  chemistry  system  is  progressing.  For  technical  report  see 
Walter  Reed  Army  Institute  of  Research  Annual  Progress  report,  1  Oct  78-30  Sep  79. 
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Project  3M162770A803  DRUG  DEVELOPMENT 

Work  Unit  084  Synthesis  of  Antiparasitic  Drugs 

Investigators: 

Principal:  Thomas  R.  Sweeney,  Ph.D. 

Associates:  COL  Craig  J.  Canfield,  MC;  William  Y.  Ellis, 

BS;  MAJ  Robert  0.  Pick,  Ph.D;  Bing  T.  Poon, 

Ph.D;  Daniel  L.  Klayman,  Ph.D;  CPT  John  P. 
Scovill,  Ph.D;  Edgar  A.  Steck,  Ph.D. 

The  Research  Contract  Chemical  Synthesis  Program 

During  this  reporting  period  active  contractual  programs 
devoted  to  the  synthesis  of  potential  antiparasitic  agents  were 
divided  as  follows:  malaria  9,  leishmaniasis  2,  trypanosomi¬ 
asis  5  and  schistosomiasis  2. 

In  the  area  of  antimalarials  work  on  the  synthesis  of  po¬ 
tential  hypoxanthine  phosphoribosyltransferase  inhibitors  was 
phased  out  because  of  lack  of  activity,  despite  a  very  compel¬ 
ling  biochemical  rationale.  A  number  of  very  good  tissue  schi¬ 
zontocidal  8-aminolepidines  are  now  in  hand  and  the  intensity  of 
synthetic  work  in  this  area  has  been  diminished  pending  advanced 
testing  results  on  the  best  compounds.  Certain  compounds  in  this 
class  are  extremely  interesting  in  that  they  have  both  high 
tissue  and  blood  schizontocidal  activity. 

Based  upon  the  antiparasitic  activity  of  a  number  of  nucle¬ 
osides,  a  modest  synthesis  program  has  been  started  to  investi¬ 
gate  several  classes  of  tubercidin  analogs.  These  include 
fluoro-substituted  analogs  and  open  chain  analogs  with  poly¬ 
hydroxy  alkyl  moieties  in  place  of  the  ribosyl  group.  The  same 
type  of  analogs  of  adenosine  are  also  being  investigated. 

Work  on  the  very  active  acridinediones  and  acridinedione 
imines,  both  in  the  10-H  and  10-OH  series,  has  continued.  The 
synthesis  in  these  areas  is  being  phased  out  because  a  number  of 
excellent  compounds  have  now  been  obtained  and  are  now  being 
evaluated  against  human  malaria  in  the  Aotus  monkey.  Synthesis 
of  amodiaquin  analogs  has  also  been  halted  because  three  excel¬ 
lent  compounds  have  been  obtained;  INDs  are  being  prepared  on 
two  of  these.  The  third  is  awaiting  testing  against  human 
malaria  in  the  aotus.  Applications  for  patents  will  be  made  in' 
all  of  these  classes  of  compounds.  Work  has  been  started  on  a 
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new  class  of  active  compounds,  the  indoloquinolines.  This  class 
shows  much  promise  but  phototoxicity  may  be  a  problem.  Work 
has  also  been  started  on  some  bialamicol  analogs  to  follow  up  on 
a  prototype  compound  which  showed  good  antimalarial  activity 
without  mefloquine  cross  resistance. 

The  synthesis  of  6-substituted-2,4-diamino-5,6,7,8-tetra- 
hydropyrimido(4,5-d)pyrimidines  has  been  phased  out.  These 
compounds  proved  to  be  devoid  of  activity.  The  synthesis  of 
potential  antimalarials  based  upon  derivatives  of  2,3-dihydro- 
1,6-diazanaphthalene  has  proven  to  be  chemically  more  difficult 
than  expected.  The  basic  ring  system  has  now  been  synthesized 
and  target  compounds  should  be  forthcoming  soon.  The  chemical 
synthesis  of  the  ring  separated  pteridine  antifolate  analogs 
has  also  proven  difficult  and  no  target  compounds  have  as  yet 
been  synthesized. 

In  the  area  of  antileishmanials ,  the  synthesis  of  8-amino- 
quinolines  allied  to  WR  6026  [8-(6-diethylaminohexylamino)-6- 
methoxylepidine  dihydroc.hloride]  has  continued  to  receive  atten¬ 
tion,  albeit  at  decreasing  level.  Variations  on  the  terminal 
function  of  the  side-chain  and  nuclear  modifications  have  been 
investigated  but  have  failed  to  produce  a  compound  superior  to 
WR  6026  in  anti-leishmanial  effectiveness.  Investigations  have 
been  initiated  on  6-amino-  and  7-aminoquinolines  bearing  the 
WR  6026  chain;  no  testing  data  are  available  at  this  time. 

In  addition  to  the  aminoquinolines ,  phenazines  allied  to 
clofazimine  are  being  investigated.  It  is  still  too  early  to 
evaluate  the  worth  of  this  class  of  compounds. 

Work  on  the  synthesis  of  potential  antitrypanosomal  agents 
has  continued.  In  addition  to  the  ongoing  work  in  the  nucleo¬ 
side  area  mentioned  below,  work  was  begun  during  the  year  on 
bis(sym-triazines)  types  and  quaternary  salts  of  diverse  imi- 
dazo  fused  heterocyclic  types.  It  is  too  early  for  an  evalua¬ 
tion  of  these  areas. 

In  addition  to  the  nucleoside  types  being  synthesized  as 
potential  antimalarials,  analogs  of  nucleocidin  and  tubercidin 
are  being  synthesized  as  antiparasitics  which  would  have  poten¬ 
tial  as  both  antitrypanosomal  and  antischistosomal  agents.  The 
limited  biological  data  available  at  this  time  on  the  nucleo¬ 
cidin  analogs  are  quite  encouraging  with  respect  to  antitrypan¬ 
osomal  activity. 
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Finally,  a  series  of  tetrahydrocarbazoles,  related  benzo- 
fused  compounds  and  bis(hydrazides)  are  being  synthesized  and 
evaluated  for  their  activity  against  T.  cruzi.  Insufficient 
data  have  accrued  on  this  class  to  allow  a  judgment  as  to  their 
worth. 

Data  Processing 

Major  programming  efforts  were  undertaken  in  recent  years 
to  modernize  the  data  processing  systems.  These  systems  up¬ 
date,  store,  and  retrieve  the  chemical,  biological,  and  inven¬ 
tory  records  necessary  to  the  antiparasitic  and  antiradiation 
drug  development  projects  of  the  Division  of  Experimental  Thera¬ 
peutics,  WRAIR.  Although  created  in  support  of  Division  needs, 
these  records  are  of  broad  utility  and  are  an  asset  of  national 
import. 

Capability  has  evolved  from  primitive,  independently  run 
IBM  1401  card/tape  operations  through  partially  integratable 
IBM  7090/94  systems  toward  fully  integrated  in-house  CDC  sys¬ 
tems.  The  task  of  converting  and  integrating  these  systems  is 
in  progress  and  their  current  status  is  as  follows. 

1 .  Inventory 

This  system  is  fully  operational  and  documented.  Inventory 
is  being  updated  every  third  day  concomitant  with  the  shipping 
cycle.  Complete  inventory  reports  on  all  samples  are  generated 
on  tape  and  converted  to  microfilm  periodically.  Bottle 
(sample)  number  sequence  reports  are  generated  monthly  while 
accession  number  sequence  and  source  of  sample  sequence  reports 
are  generated  quarterly. 

2 .  Chemistry 

Initial  conversion  of  the  chemical  structure  data  base  has 
been  accomplished.  Over  210,000  structures  with  their  accession 
numbers  are  now  indexed  on  this  file.  The  first  phase  of  veri¬ 
fication  (a  comparison  of  the  chemistry  data  base  with  the  in¬ 
ventory  data  base)  discovered  over  50,000  unmatched  accession 
numbers  on  the  inventory  file.  The  structures  for  these  un¬ 
matched  numbers  must  be  (re)  entered  onto  the  chemistry  file. 
This  effort  will  continue  into  FY  1981.  Further  verification 
to  account  for  all  inventory  samples  can  then  be  undertaken. 
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Integrated  reports  have  been  successfully  generated  from 
searches  of  the  chemistry  and  inventory  data  bases  and  routine 
use  is  made  of  this  limited  capability. 

Physical  and  operational  modifications  were  made  in  the 
laboratory  of  the  chemical  shipping  contractor  in  compliance 
with  regulatory  requirements. 

Acquisition  of  Compounds 

The  following  table  summarizes  the  number  of  various 
classes  of  compounds  received  during  FY  79. 


Originals  Duplicates  Total 


Purchased 

212 

10 

222 

Gifts 

112 

22 

134 

Synthesized 

491 

195 

686 

Discreet 

3215 

361 

3576 

Prep  Labs 

31 

40 

71 

Total 

4061 

628 

4689 

Eighteen  sources  submitted  compounds  under  no-dollar  agree¬ 
ments.  The  number  of  original  samples  increased  by  9%  over  last 
FY,  while  the  total  number  of  samples  received  decreased 
slightly.  The  practice  of  sending  out  a  collection  team  was 
re-instituted.  Three  companies  were  visited  and  1181  samples 
were  collected. 

Organic  Synthesis  Section 

An  improved  process  for  the  purification  of  the  antiradia¬ 
tion  agent,  WR  2721  (S-aminopropylarainoethylphosphorothioate) , 
has  been  developed  which  gives  a  highly  crystalline  product, 
stable  at  room  temperature.  Work  is  currently  in  progress  on 
devising  a  new  purification  procedure  for  WR  638  (sodium 
2-aminoethylphosphorothioate)  which  will  later  be  applied  to 
the  large  quantity  of  the  material  on  hand  which  was  synthesized 
about  13  years  ago.  The  compound  is  destined  for  use  in  the 
treatment  of  cystinosis. 

4  4 

Based  on  the  findings  that  certain  N  ,N  -disubstituted 
2-acetylpyridine  thiosemicarbazones  possess  "curative" activity 
at  a  dose  of  40  mg/kg  in  mice  infected  with  Plasmodium  berghei, 
about  12  related  derivatives  were  synthesized  in  which  the 
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alkylidene  side  chain  (R)  of  1  is  lengthened  1-4  carbon  atoms 
beyond  R=CH^ .  Initial 


1 


tests  showed  that  such  modifications  reduced  the  toxicity  of 
this  group  of  thiosemicarbazones ,  however,  it  appears  that  anti- 
malarial  efficacy  also  suffers  as  a  consequence.  In  contrast, 
the  antibacterial  activity  against  some  organisms  increased 
markedly. 

Several  metal  complexes  of  the  most  active  2-acetylpyri- 
dine  thiosemicarbazones  have, been  prepared.  The  transition 
metal  ions  include  Fe^  ,  Ni^  ,  Co^  ,  Zn^  ,  and  Mn  .  These 
chelates  are  undergoing  final  chemical  analysis  and  will  be 
submitted  for  biological  evaluation  shortly. 

The  preparation  of  a  series  of  1-  and  3-acetylisoquinoline 
thiosemicarbazones  is  underway.  Some  related  2-acetylquinoline 
thiosemicarbazones  were  synthesized  by  Professor  S.  Massie  and 
his  students  at  the  U.S.  Naval  Academy  under  our  guidance. 

Early  tests  indicate  that  they  are  moderately  active  antimalar- 
ials  and  one  compound,  in  particular,  appears  to  be  an  excellent 
antibacterial  agent , 

Dr.  Arthur  Dobek  of  the  Infectious  Disease  Service,  Walter 
Reed  Army  Medical  Center,  has  tested  about  60  of  the  2-acetyl- 
pyridine  thiosemicarbazone  against  a  greater  number  of  strains 
than  he  had  the  previous  year.  Some  of  the  new  compounds  which 
we  have  developed  show  vastly  improved  inhibitory  activity  in 
his  screens.  One  of  the  more  active  is  compound  2  which  shows 
activity  as  follows  (organism,  MIC) :  *'* 


Staph,  aureus,  0.125  yg/ml;  Group  D  enterococcus,  0.25  yg/ml; 
Neisseria  meningitidis,  0.016  yg/ml.  The  most  inhibitory  of  the 
2-acetvlpyridine  thiosemicarbazones  against  N.  gonorrhoeae  is 
compound  3^  (MIC  0.004  yg/ml),  which  is  the  most  toxic  member  of 
this  group  of  thiosemicarbazones.  We  have  now  identified  some 
9  related  compounds  with  considerably  lower  toxicity  which  have 


MIC’s  in  the  range  0.004  to  0.125  yg/ml. 

Additional  2-acetylpyridine  thiosemicarbazones  have  been 
found  by  Dr.  N.  Morrison  (Johns  Hopkins)  to  be  effective  against 
Mycobacterium  smegmatis.  On  the  basis  of  his  earlier  work, 
three  of  our  thiosemicarbazones  are  undergoing  the  six  month 
mouse  foot  pad  test  against  M.  leprae.  Results  should  be  known 
in  November.  Because' of  their  promising  activity,  further  of 
our  compounds  will  be  undergoing  the  same  test  as  soon  as  suf¬ 
ficient  quantities  of  material  are  synthesized. 

Inhibition  by  2-acetylpyridine  thiosemicarbazones  of  other 
mycobacteria  (M.  tuberculosis  HgyRy,  M.  avium.  M.  kansasii, 

M.  simiae.  M.  marinum.  M.  intracellulare  and  M.  habana)  is  being 
studied  by  Dr.  Frank  Collins  (Trudeau  Institute).  Four  of  the 
compounds  screened  look  very  promising  against  most  of  the  myco¬ 
bacteria.  A  mixture  of  4,  clofazimine,  and  rifampin 


seems  to  have  a  potentiating  inhibitory  effect  on  the  refractory 
atypical  mycobacteria  M.  habana  and  M.  simiae  in  mice. 

Anaerobic  bacteria  have  been  studied  by  Dr.  J.E.  Rosenblatt 
(Mayo  Clinic)  where  7  compounds  have  been  found  to  have  MIC's 
generally  in  the  range  of  <0.5  to  1  yg/ml  (cf .  Table).  This  is 
approximately  the  same  inhibitory  concentrations  at  which  known 
therapeutic  agents  work. 


1697 


TABLE 
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Over  twenty  2-acetylpyridine  thiosemicarbazones  have  been 
tested  for  antitrypanosomal  activity  in  an  in  vitro  screen. 
Activity  was  ascertained  by  the  extent  of  inhibition  of  the  up¬ 
take  of  radiolabeled  thymidine  and  leucine  by  Trypanosoma  rhodes- 
iense.  About  half  of  the  trial  group  that  were  studied  pos^ 
sessed  a  high  degree  of  activity  comparable  to  the  antitrypano¬ 
somal  drug,  ethidium  bromide. 

A  small  number  of  2-acetylpyridine  thiosemicarbazones  have 
been  studied  by  Dr.  Charles  Shipman,  Jr.  (University  of  Michigan) 
for  their  antiherpes  simplex  activity  in  an  in  vitro  screen. 
Preliminary  findings  indicate  that  the  compounds  are  sufficiently 
active  to  warrant  the  extension  of  the  study  to  additional  com¬ 
pounds.  Preliminary  studies  have  also  been  undertaken  by 
Dr.  E.  De  Clerq  (Rega  Institute,  Belgium)  who  has  reported  that 
the  few  compounds  examined  do  indeed  possess  antivaccinia  and 
antiherpes  action;  however,  the  effective  concentration  appears 
to  be  too  close  to  the  cytotoxic  concentrations.  Additional 
compounds  are  undergoing  screening  at  the  Rega  Institute  where 
an  investigation  of  their  antifungal  properties  has  also 
recently  been  initiated. 

Using  primaquine  and  its  4-methyl  derivative  as  models,  the 
4-aminoacridinyl  analogs  4- [ (4-amino-l-methylbutyl) amino] -2-meth- 
oxyacridine  and  4-[ (4-amino-l-methylbutyl) amino] -2-methoxy-9- 
methylacridine  were  prepared  and  evaluated  as  potential  tissue 
schizonticidal  agents.  These  compounds  were  found  to  be  less 
active  than  primaquine  against  Plasmodium  cynomolgi  in  the 
rhesus  monkey. 

In  an  attempt  to  develop  an  assay  for  primaquine  from  bio¬ 
logical  fluids,  primaquine  from  spiked  solutions  of  water,  urine 
or  of  blood  was  determined  by  gas  chromatography  (GC)  and  by 
high  performance  liquid  chromatography  (HPLC) .  The  recovery  by 
the  GC  method  from  spiked  water  was  quantitative  and  a  74%  re¬ 
covery  from  spiked  (10  pg/ml)  urine  was  obtained.  By  HPLC,  the 
recovery  was  quantitative  from  spiked  water  and  100%+20%  from 
spiked  urine  or  spiked  (7  to  15  pg/ml)  blood. 

Using  HPLC,  a  technique  which  permits  a  simpler  procedure 
for  isolation  and  clean-up  than  that  needed  for  GC,  primaquine 
shows  a  linear  response  between  1  to  102  pg/ml  and  a  sensitivity 
level  currently  down  to  the  80  to  200  ng/ml  range.  Ongoing  work 
is  aimed  at  increased  precision,  accuracy  and  toward  lower  levels 
of  detection  and  assay. 


The  2-acetylpyridine  thiosemicarbazone,  WR  231,010  (5),  an 


A 


antimalarial  and  antimicrobial  agent,  has  been  determined  to 
be  stable,  for  at  least  a  week,  in  50  vol  %  ethanol  - 
50  vol  %  0.5  N  HC1,  a  solvent  used  for  some  antibacterial 
tests.  Under  HPLC  conditions  suitable  for  primaquine,  certain 
2-acetylpyridine  thiosemicarbazones  can  be  analyzed  readily. 
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Project  3M162770A803  DRUG  DEVELOPMENT 

Work  Unit  086  Biological  Evaluation  of  Antimalarial  Drugs 

Investigators: 

Principal:  LTC  David  E.  Davidson,  Jr.,  VC 
Associate:  CPT  George  E.  Childs,  MSC,  Gerald  J.  McCormick, 
Ph.D. ,  Gloria  P.  Willet 


1.  Description. 

Malaria  is  considered  to  be  the  leading  health  problem  in 
the  world  and  historically  has  consistently  and  seriously 
effected  military  operations  in  its  areas  of  endemicity,  which 
are  global.  In  order  to  protect  personnel  and  maintain 
effectiveness  in  field  operations,  new  drugs  are  being  sought 
which  will  be  safer  and  more  effective  than  those  presently 
available.  The  requirement  is  urgent  because  of  the  emergence 
of  strains  of  malaria  which  are  resistant  to  usual  drug  treat¬ 
ments. 

Candidate  antimalarial  compounds  are  screened  and  tested  by 
the  Department  of  Parasitology,  WRAIR,  and  by  contractor 
laboratories  under  the  technical  direction  of  the  Department 
of  Parasitology. 

2.  Progress. 

a.  Blood  schizonticidal  testing: 

The  discovery  of  new  blood  schizonticidal  drugs  for 
prophylaxis  and  treatment  of  drug-resistant  falciparum  malaria 
has  been  actively  pursued  in  drug-testing  systems.  Primary 
screening  at  the  rate  of  120  compounds  per  week  is  conducted  in 
the  mouse/Plasmodium  berghei  blood  schizonticidal  test  at  the 
University  of  Miami .  Approximately  6000  compounds  were  tested 
in  the  past  year  and,  of  these,  approximately  500  compounds 
exhibited  activity. 

Approximately  200  of  the  active  compounds  were  selected 
for  further  testing  in  vitro,  in  advanced  rodent  tests  and  in 
primate  malaria  models.  Sixty  compounds  were  tested  for 
repository  activity  against  P.  berghei  in  mice;  15  compounds 
had  schizonticidal  activity  at  periods  of  a  week  or  longer  after 
administration.  During  this  year,  ten  compounds  with  promise 
of  clinical  utility  were  selected  for  preclinical  testing  in  the 
Aotus/P.  falciparum  model  and  testing  was  completed  on  four. 
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Schizonticidal  testing  in  the  rhesus  monkey/P.  cynomolgi  model 
remains  suspended  due  to  non-availability  of  test  animals. 

b.  Tissue  schizonticidal  testing: 

Primary  screening  of  candidate  drugs  for  improved  causal 
prophylactic  and  radical  curative  antimalarial  treatments  is 
performed  at  a  rate  of  45  compounds  per  week  in  the  mouse  model 
utilizing  sporozoite-induced  P.  berghei  yoelli  malaria.  Secon¬ 
dary  mouse  testing  in  the  causal  prophylactic  model  of  Peters 
et  ah  is  used  to  resolve  ambiguities  in  activity  which  may 
arise  in  the  primary  screen  by  distinguishing  between  true  causal 
prophylactic  activity  and  the  blood  schizonticidal  activity  of 
persistent  compounds.  In  this  system  in  this  past  year,  21  com¬ 
pounds  were  examined.  Seven  had  true  causal  activity  against 
tissue  schizonts,  five  had  activity  attributable  to  persistence, 
and  nine  were  inactive.  Agreement  between  the  mouse  systems  and 
the  rhesus  monkey  radical  curative  test  has  been  approximately 
80%. 


The  capacity  for  testing  in  the  rhesus  monkey  radical 
curative  test  system  has  been  reduced  because  the  supply  of 
animals  has  been  severely  curtailed.  This  system  with  sporozoite- 
induced  P.  cynomolgi  malaria  closely  resembles  P.  vivax  infections 
in  man  and  allows  the  testing  of  true  tissue  scRTzonticidal 
activity.  During  this  year,  21  compounds  were  tested  in  this 
system  in  a  screening  mode  and  of  these,  three  exhibited 
sufficient  activity  to  warrant  more  quantitative  testing  in  this 
model. 


c.  In  vitro  antimalarial  drug  screen: 

Efforts  are  continuing  to  refine  the  in  vitro  assay  sys¬ 
tem  in  evaluation  of  antimalarial  activities  of  drugs  against 
chloroquine-sensitive  (Uganda  I)  and  chloroquine-resistant 
(Smith)  strains  of  Plasmodium  falciparum.  Activity  is  measured 
as  the  inhibition  of  incorporation  by  the  parasites  of  radio¬ 
activity  from  a  labeled  metabolic  precursor  (3H-hypoxanthine)  of 
nucleic  acid.  A  report  describing  the  test  system  has  been 
accepted  for  publication  (1). 

During  the  past  year,  approximately  40  compounds  were 
tested  for  activity  against  the  Uganda  I  and  Smith  strains;  16 
were  active.  As  anticipated,  compounds  of  chemical  classes  which 
have  activity  in  vivo  as  blood  schizonticides  against  P.  falcipa¬ 
rum  in  the  Aotus  monkey  proved  to  be  active  in  vitro.  However, 
compounds  which  had  shown  activity  as  tissue  schizonticides 
against  P.  cynomolgi  in  rhesus  monkeys  were  inactive  in  this 
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in  vitro  system. 


A  study  was  undertaken  with  standard  antimalarial  drugs 
in  which  the  activity  assayed  by  inhibition  of  uptake  of  radio¬ 
activity  from  ^H-hypoxanthine  was  compared  to  the  activity 
measured  by  reduction  in  parasitemia  as  determined  morpholo¬ 
gically.  In  both  systems,  parasites  were  cultured  in  vitro  in 
microtiter  plates  for  36  hours  in  the  presence  of  the  drugs  in 
serial  dilutions.  The  concentrations  of  drugs  corresponding  to 
50%  effect  on  incorporation  and  parasitemia  are  presented  in 
Table  1.  There  appears  to  be  good  correlation  between  the  two 
assay  methods. 

d.  In  vitro  malaria  culture  development: 

Two  strains  of  Plasmodium  falciparum,  chloroquine- 
resistant  (Smith)  and  chloroqui'ne-sensitive  (Uganda),  have  been 
maintained  in  continuous  cultures  for  up  to  five  months. 

Samples  are  taken  at  intervals,  glycerolyzed,  and  frozen. 
Reconstitution  allows  easy  initiation  of  sub-cultures. 

In  order  to  investigate  the  growth  requriements  of  the 
parasite  and  to  develop  culture  media  of  defined  constitution, 
cultivation  studies  are  being  done  in  which  the  plasma  which 
is  normally  added  to  media  is  replaced  by  such  constituents  as 
fatty  acids,  dextran  and  fatty  acid-free  albumin. 

Studies  in  which  1640  RPM  medium  contained  added  plasma 
at  concentrations  varying  0.6%  to  40%  showed  that  the  best 
growth  was  achieved  at  the  5%  concentration.  In  identical 
studies  with  added  fatty  acid-free  albumin,  no  growth  was 
observed  at  any  concentration.  A  problem  characteristic  of 
media  which  contain  plasma  and  are  thus  undefined  was  illustrated 
by  an  experiment  in  which  growth  was  obtained  in  1640  RPM  medium 
formulated  to  be  deficient  in  methionine,  PABA,  folic  acid, 
isoleucine  and  threonine,  but  with  added  plasma.  The  absence 
of  the  deleted  compounds  should  have  had  an  adverse  effect  on 
growth  but  the  plasma  contained  sufficient,  but  unknown, 
quantities  of  them.  These  results  were  obtained  in  both  Smith 
and  Uganda  strains. 

In  studies  in  which  1640  RPM  medium  was  employed  with 
added  fatty  acid-free  albumin  rather  than  plasma,  five  different 
fatty  acids  were  used  in  concentrations  ranging  from  10"5  to 
10~2  mM.  Of  these,  three  appeared  to  support  growth  at  10-3  mM 
concentration.  Combination  of  the  three  fatty  acids  resulted  in 
good  growth,  as  measured  by  the  uptake  of  radioactivity  of 
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3H-hypoxanthine  by  both  Smith  and  Uganda  strains  in  short  term 
cultivations.  When  prolysin  or  dextran  were  substituted  for 
fatty  acid-free  albumin  in  combinations  with,  two  fatty  acids, 
there  was  no  support  of  growth,  except  in  a  single  experiment 
with  dextran. 

Subsequently,  in  long  term  cultivation  of  P.  falciparum, 
a  medium  containing  fatty  acid-free  albumin  and  a  combination  of 
fatty  acids  at  10-3  mM  successfully  supported  growth  for  two 
weeks  and  achieved  a  3200-fold  increase  in  parasitemia  (by  serial 
increases}. 

e.  Phototoxicity  studies: 

Phototoxic  evaluations  were  performed  on  13  compounds 
which  had  activity  in  antimalarial  test  systems.  The  compounds 
were  of  two  structural  classes:  acridinophenones  and  4-amino- 
quinolines. 

In  the  test  system,  the  compounds  are  administered  to 
mice  by  IP  and  oral  routes  at  several  dose  levels  (the  maximum 
tolerated  dose  (MTD) ,  1/2  MTD,  and  1/4  MTD) .  The  mice  are 
exposed  to  light  for  a  total  radiation  dose  equivalent  to 
4.9  x  103  ergs/cm2/sec.  Observation  for  toxicity  commences 
immediately  after  exposure  and  is  continued  for  10  days. 

Vehicle  and  positive  control  groups  are  included. 

Of  seven  4-amlnoquinolines  tested  (including  five 
analogs  of  amodiaqulne],  only  one  compound,  WR  242,449,  was 
phototoxic.  Extreme  responses  were  seen  at  doses  of  180  to 
640  mg/kg  by  both  IP  and  oral  administration  and  the  minimum 
dose  at  which  response  (erythema)  was  perceptible  was  5  mg/kg. 

Of  six  acridinophenones  tested,  four  had  phototoxic 
responses.  WR  237,221  and  WR  231,135  were  positive  by  both  IP 
and  oral  administration,  WR  237,942  and  WR  243,251  were  positive 
by  IP  administration  but  negative  by  oral,  and  WR  243,246  and 
WR  226,626  were  negative  after  both  routes  of  administration. 

f,  Data  processing: 

Major  efforts  undertaken  in  recent  years  to  modernize 
the  process  of  biology  file  conversion  and  updating  were  brought 
entirely  In-house  upon  the  expiration  in  March  1979  of  the 
contract  with  Advanced  Computer  Techniques,  Inc.,  for  biology 
data  processing.  Modernization  efforts  under  this  contract  had 
had  as  their  goals:  (a)  conversion  from  sequential  access  to 


random  access  capability  with  an  increase  in  operational 
efficiency,  (b)  compression  and  standardization  of  data 
formats  to  reduce  file  size,  (c)_  interface  with  chemical  data 
system  and  inventory  data  system,  and  (d)  modular  design  to 
facilitate  the  incorporation  of  additional  kinds  of  biological 
data  in  the  future. 

However,  the  system  was  not  fully  operational  as 
delivered  by  the  contractor.  Although  each  program  had  been 
tested  with  sample  data  by  the  contractor  prior  to  delivery, 
the  system  as  a  whole  had  not  been  tested,  nor  had  parallel 
processing  with  real  data  been  performed  prior  to  expiration 
of  the  contract. 

By  in-house  efforts,  conversion  of  the  Rane  biology 
file  has  been  completed  with  biology  data  processing,  file 
updating,  and  biology  report  generation  now  being  accomplished 
as  data  are  received.  This  file  includes  data  from  several 
historical  in  vivo  antimalarial  screens  as  well  as  the  current 
in  vivo  antimalarial  and  anti  trypanosomiasis  screens.  Conver¬ 
sion  efforts  are  continuing  on  the  non-Rane  files  which  contain 
historical  in  vitro  antimalarial  screening  data  and  jji  vivo 
data  from  resistant-strain  malaria  tests  and,  additionally, 
from  antiradiation,  leishmaniasis,  and  schistosomiasis  screens. 

Upon  completion  of  the  biology  file  conversions, 
programming  for  the  integrated  report  generator  will  be 
extended  to  biology  data.  These  efforts  are  expected  to 
continue  into  FY  1981. 
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Table  1 


Comparison  of  In  Vitro  Activity  as  Determined  by 
Inhibition  of~^H-Hypoxanthine  Incorporation  and 
Depression  of  Parasitemia 


_ ED-50,  ng/ml _ 

3 

f\  falciparum  H-Hypoxanthine 

Strain  Drug  Incorporation  Parasitemia 


Smith 

Chloroquine 

75.2 

105 

Mefloquine 

5.68 

7.86 

Quinine 

80.4 

60.7 

Uganda 

Chloroquine 

1.26 

1.79 

Mefloquine 

3.05 

0.83 

Quinine 

36.4 

n.d.* 

*n.d.:  not  determined 
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23.  (U)  The  technical  objectives  are  to  develop  and  exploit  animal  models  for  the  study 
of  the  pharmacodynamic  and  toxic  effects  of  drugs  intended  for  use  as  antimalarial s  in 
man.  The  intended  purposes  of  these  studies  are  to  provide  a  basis  for  predicting 
human  response  and  to  fulfill  requirements  for  submission  of  IND  for  clinical  trials  of 
new  antimalarials  for  military  personnel  in  malarious  areas. 

24.  (U)  The  approach  is  to  study  both  the  effects  of  antimalarial  drugs  on  healthy  ani¬ 
mals  and  the  fate  of  these  drugs  in  healthy  animals  in  order  to  predict  the  human  tol¬ 
erance  to  new  drugs  (Phase  I).  The  handling  of  antimalarial  drugs  by  diseased  animals 
is  being  studied  to  determine  the  effects  of  malaria  upon  pharmacokinetics.  This  is  in 
order  to  predict  the  tolerance  of  new  antimalarial  drugs  in  human  efficacy  studies 
(Phase  II). 

25.  (U)  78  10  -  79  09  Technical  management  continued  for  13  contracts  in  pharmacology. 
Three  new  drugs  were  elevated  to  IND  status  in  addition  to  the  14  IND's  classified  in 
the  Active  status.  Intensive  investigation  into  the  factors  affecting  high  pressure 
liquid  chromatography  results  has  led  to  the  validation  of  that  method  for  quantitating 
blood  levels  of  WR  180,409.  These  levels  were  determined  in  hundreds  of  clinical  sam¬ 
ples.  Pharmacokinetic  studies  on  one  antimalarial  have  been  carried  out  in  healthy 
human  volunteers.  An  in  vitro  method  for  the  determination  of  drug-induced  methemoglobin 
formation  has  been  developed.  Further  tissue  distribution  and  pharmacokinetic  studies 
were  carried  out  in  mice  using  radiolabeled  antimalarials.  For  technical  report  see 
Walter  Reed  Army  Institute  of  Research  Annual  Progress  Report,  1  Oct  78  -  30  Sep  79. 
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Project  3M162770A803  DRUG  DEVELOPMENT 

Work  Unit  087  Determination  of  pharmacological  effects  of  anti- 
malarial  drugs 


Investigators. 

Principal:  Melvin  H.  Heiffer,  Ph.D. 

Associate:  Dr.  R.  Rozman,  MAJ  J.  von  Bredow,  CPT  D.  Korte, 
Jr.,  Dr.  H.  Chung,  MAJ  R.  Desjardins,  CPT  V. 
Jimmerson,  MAJ  C.  Pamplin,  Dr.  H.  Lowensohn, 

SP4  D.  Bounds,  SP4  M.  Abdelrahim,  SP5  J.  Osuch, 
CPT  J.  Sanders,  SP5  P.  Egan,  J.H.  Digiovanni 

1.  Description. 

Pharmacological  investigations  carried  out  by  the  department 
continue  in  two  broad  overlapping  areas.  One  is  the  effect  of 
the  body  or  system  on  the  drug,  i.e.,  absorption,  distribution, 
biotransformation  and  excretion.  The  second  is  the  effect  of 
the  drug  on  the  body  or  system,  i.e.,  pharmacodynamics.  In 
addition,  continuation  of  the  development  and  utilization  of 
sensitive  assay  methods  for  several  of  the  new  antimalarial 
drugs  was  emphasized. 

2.  Preliminary  refinement  procedures  for  high  pressure  liquid 
chromatography  of  biological  "samples'! 

a .  Background: 

The  eiv.ntitative  and  qualitative  analysis  of  most  pharma¬ 
ceutically  acuive  compounds  is  relatively  easy  by  means  of  modern 
analytical  equipment  if  the  compound  is  in  its  pure  form  and  is 
dissolved  in  a  pure  solvent.  If  the  chemical  compound  must  be 
analyzed  in  a  complex  biological  fluid,  such  as  blood  or  urine, 
the  entire  procedure  becomes  exceedingly  difficult.  Before  any 
form  of  analysis  can  be  conducted,  the  compound  must  be  isolated 
to  an  extent  that  it  can  be  monitored  in  the  presence  of  other 
materials  within  the  same  media.  The  ultimate  analytical  pro¬ 
cedure  must  be  sensitive  and  specific  enough  to  detect  the  com¬ 
pound  in  the  presence  of  other  interfering  materials.  Therefore, 
at  least  one  or  more  extraction  and  clean-up  procedures  will 
usually  be  required  before  most  compounds  can  be  subjected  to  a 
reliable  analytical  approach.  Since  the  majority  of  the  pharma¬ 
ceutically  active  compounds  can  generally  be  divided  into  several 
chemically  active  groups,  several  broad  spectrum  extraction  and 
clean-up  procedures  have  been  proposed.  One  very  broad  scheme 
has  been  proposed  in  the  textbook  of  Clarke  (1969).  Once  the 
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initial  separation  has  divided  the  compound  into  one  or  more  of 
several  classes,  the  individual  class  of  compounds  may  be 
analyzed  directly  or  the  class  may  be  subdivided  into  more 
specific  groups  by  various  clean-up  procedures.  This  systematic 
approach  is  very  useful  for  most  of  the  well-known  pharmaceutical 
compounds. 

The  candidate  antimalarials  generally  appear  to  possess 
nonspecific  physical  chemical  properties  resulting  in  very 
poorly  defined  isolation  techniques.  An  extraction,  isolation 
and  quantitation  technique  has  been  developed  by  Grindel  et  al. 
(1977)  for  the  antimalarial  mefloquine  (WR  142,490).  Although 
this  technique  does  extract  at  least  90%  of  the  antimalarial  and 
its  internal  standard,  marked  interference  patterns  often  develop 
which  may  impose  a  significant  limitation  on  the  accuracy  of  this 
technique. 

b.  Possible  sources  of  error; 

Most  of  the  work  reported  here  has  been  carried  out  on 
the  candidate  antimalarial  compound,  WR  1 80,409 * H3PO4  (DL-threo- 
a-pi per idyl )-2-trifluoromethyl — 6— (4-trifl uoromethyl phenyl )-4- 
pyridinemethanol  phosphate)  using  as  its  internal  standard  the 
candidate  antimalarial,  WR  184,806-H3P04  (DL-2, 8-bi s 
( tri f 1 uoromethyl ) -4-[l -hydroxy-3-(N-Jk-butyl ami  no) propyl ]- 
quinoline  phosphate).  An  extensive  research  effort  on  the 
possible  complications  which  may  occur  in  the  extraction,  isola¬ 
tion  and  quantitation  of  WR  180,409  and  its  internal  standard 
WR  184,806  from  spiked  blood  samples  has  been  conducted.  The 
anticipated  complications  are  illustrated  in  the  accompanying 
flow  chart. 


Flow  Diagram  Indicating  Possible  Sources  of  Error  in  the 
Extraction  and  Quantitation  of  an  Antimalarial  Agent 
from  a  Biological  Sample 


1.  P:ological  sample  (blood) 


Drug  is  trapped  within 
^  the  sample _ 

Incomplete  extraction  of 
drug _ 

Formation  of  emulsion 
pleading  to  poor  separation 


Protein  binding  of  drug  to 
sample _ 

Improper  ionic  form  for 
extraction 


Binding  of  drug  to  walls  of 
container 
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Dilute  extract  solution  of  the  drug  and  biological  extract 
in  an  organic  solvent 


Drug  drying  onto  surface 
of  glass 


Interaction  of  drug  with 
solvent 


Contamination  of  the 
sample  in  drying  hood 


Degradation  of  the  drug 
due  to  heat,  light,  oxygen. 


organic  extract  residue 


Incomplete  dissolution  of 
all  dried  extract  leading 
to  drug  trapping 


4.  Redissolved  biological  drug  extract 


Evaporation  of  organic 
solvent 


Oxidation  of  drug  sample 

Incompatibility  with  HPLC 
mobile  phase 
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c.  Experimental : 


The  types  of  experiments  listed  below  have  been  grouped 
in  the  manner  indicated  to  aid  the  continuity  of  the  basic 
principles  of  extraction,  separation,  detection  and  quantitation. 

i.  Treatment  of  the  biological  sample: 

a.  equilibration  with  acid,  base  and  buffer  systems 

b.  equilibration  with  3M  NaCl 

i i .  Extraction  of  the  antimalarials  from  the  biological 
sample: 

a.  extraction  with  various  solvents 

b.  utilization  of  microcolumns  to  perform  "clean  up" 
procedures 

c.  acid-base  clean  up  procedures 

d.  adsorption  of  antimalarial  to  solid  medium 

e.  detection  of  protein  binding 

f.  effect  of  heparin 

g.  dye  complexing 

i i i .  Concentration  of  drug  extract: 

a.  antimalarial-solvent  interaction 

b.  refinement  of  concentrated  biological  extract 

iv.  Redissolution  of  the  biological  extract: 

v.  Sample  injection: 

vi .  Chromatography: 

a.  normal  phase 

b.  reverse  phase 

c.  multiple  chromatographic  procedures 

vii.  Detection: 

viii.  Quantitation: 

Experiments  were  conducted  to  explore  some  of  these  poten¬ 
tial  complications.  A  detailed  description  of  these  experiments 
follows  with  the  appropriate  subsections  of  the  list  cross- 
referenced. 
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i.  The  biological  sample  is  usually  diluted  with  water, 
buffer  or  an  aqueous  solution  of  3  M  NaCl. 

Equilibration  with  phosphate  buffer  affects  the  ex¬ 
tent  of  recovery  of  the  antimalarfal  and  the  internal  standard 
as  well  as  the  interference  pattern.  The  extraction  efficiency 
of  ethyl  acetate  with  respect  to  the  antimalarials  WR  180,409  and 
WR  184,806  is  illustrated  in  Table  1.  A  near  neutral  pH  of  7.4 
yields  approximately  equal  concentrations  of  WR  180,409  and  its 
internal  standard  WR  184,806.  Thus  this  pH  was  chosen  for  the 
subsequent  experiments. 

The  3  M  NaCl  solution  is  often  added  to  biological 
systems  to  disrupt  and  precipitate  the  proteins  in  order  to 
liberate  all  of  the  available  drug.  No  Improvement  in  chromato¬ 
graphic  peaks  or  total  drug  recovery  was  observed  when  the  blood 
sample  was  equilibrated  with  3  M  NaCl. 

ii.a.  After  the  ’'iological  sample  has  been  equilibrated 
with  the  phosphate  buffer,  the  antimalarial  is  extracted  with  an 
organic  solvent.  The  choice  of  organic  solvent  depends  on  the 
solubility  of  the  antimalarial  in  that  solvent.  Solvents  must  be 
used  in  which  the  antimalarial  is  readily  soluble  but  which  are 
not  miscible  with  water,  thus  eliminating  the  use  of  methanol  or 
ethanol . 


A  primary  property  of  the  solvent  is  that  it  must 
extract  the  majority  of  the  drug  in  a  reproducible  manner.  In 
order  to  achieve  at  least  90%  extraction  of  the  antimalarial, 
multiple  extractions  are  usually  required.  Most  of  the  previous 
efforts  in  this  laboratory  have  utilized  three  extractions  with 
ethyl  acetate.  This  has  resulted  in  the  extraction  of  the  anti¬ 
malarial  and  the  chosen  internal  standard,  but  has  also  led  to 
the  extraction  of  massive  amounts  of  unknown  biological  components 
which  interfere  in  the  final  chromatographic  analysis. 

An  attempt  was  made  to  use  other  organic  solvents 
which  might  be  substituted  for  ethyl  acetate  as  an  extractant. 
Tables  2,  3  and  4  illustrate  the  effectiveness  of  ethyl  acetate 
and  other  organic  solvents  to  extract  WR  180,409  and  its  internal 
standard  WR  184,806  from  blood  equilibrated  with  either  phosphate 
buffer  or  3  M  sodium  chloride  and  the  apparent  usefulness  of  the 
resulting  HPLC  chromatograms. 

Since  most  organic  solvents  are  at  least  minimally 
soluble  in  water,  some  of  the  aqueous  phase  of  the  biological 
sample  will  be  transferred  into  the  organic  solvent  layer  during 
the  extraction.  As  the  organic  solvent  is  concentrated  by  drying. 
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interfering  substances  dissolved  in  the  aqueous  phase  may  be 
trapped  in  the  organic  extract  which  will  ultimately  add  to  the 
final  chromatographic  interference  pattern.  In  attempts  to 
limit  this  possibility,  the  organic  solvent  used  to  extract  the 
antimalarfal  from  the  biological  sample  can  be  "washed"  with  a 
clean  aqueous  phase.  The  ethyl  acetate  extracts  containing 
w'R  180,409  and  WR  184,806  from  a  biological  sample  were  extracted 
with  two  10  ml  portions  of  pH  7.4  phosphate  buffer.  The 
resulting  "washed"  ethyl  acetate  extracts  were  concentrated  by 
evaporation,  redissolved  in  an  appropriate  mobile  phase  and 
chromatographed  by  means  of  HPLC  in  the  usual  manner.  The  inter¬ 
ference  patterns  near  the  antimalarial  chromatographic  peaks  were 
approximately  the  same  as  before  and  essentially  no  improvement 
in  peak  quantitation  was  observed.  Although  no  improvement  was 
observed  in  these  experiments,  it  may  be  possible  to  use  a  combi¬ 
nation  of  buffer  mixed  with  a  very  polar  organic  solvent  which  may 
remove  some  interfering  substances  without  loss  of  a  significant 
amount  of  drug. 

ii.b.  Interference  resulting  from  unknown  biological  compo¬ 
nents  within  the  organic  extract  is  a  common  problem  which  has 
been  approached  commercially  through  the  production  of  miniature 
extraction  columns  designed  to  eliminate  some  of  the  major  inter¬ 
ference  patterns. 

A  commercially  available  extraction  column,  SEP-PAK 
(Waters  Associates,  Inc.,  Milford,  Mass.)  is  available  in  two 
different  packing  materials. 

Silica  SEP-PAK 


A  silica  SEP-PAK  was  prewashed  with  a  solution  of 
ethyl  acetate  saturated  with  pH  7.4  phosphate  buffer. 

The  ethyl  acetate  extract  of  the  biological  sample 
was  passed  through  the  SEP-PAK  three  times  in  order  to  allow 
sufficient  contact  with  the  adsorbent  column  contents.  After 
the  ethyl  acetate  extract  containing  the  antimalarials  WR  180,409 
and  WR  184,806  was  passed  through  the  SEP-PAK  for  the  third  time, 
HPLC  analysis  of  the  eluate  indicated  that  both  of  the  anti¬ 
malarials  had  fully  adsorbed  onto  the  column.  The  silica  SEP-PAK 
containing  the  antimalarials  was  then  flushed  with  additional 
ethyl  acetate,  followed  by  hexane,  and  ultimately  with  ethylene 
dichloride.  HPLC  analysis  of  the  washes  indicated  that  neither 
WR  180,409  nor  WR  184,806  were  removed  from  the  SEP-PAK  column 
by  these  clean  up  procedures.  These  procedures  did  remove  some 
of  the  major  interference  materials  in  the  final  chromatographic 
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analysis.  The  antimalarials  were  then  eluted  from  the  SEP-PAK 
column  with  three  separate  aliquots  of  methanol.  The  first  10  ml 
aliquot  of  methanol  contained  the  majority  of  WR  180,409,  as  is 
indicated  in  Table  5,  but  unfortunately,  it  also  contained  a 
significant  degree  of  interference.  The  second  10  ml  aliquot 
demonstrated  less  interference  but  contained  only  a  small  quantity 
of  WR  184,806  (<20 %) .  The  third  10  ml  aliquot  eluted  a  small 
interference  peak  as  well  as  an  insignificant  amount  of  WR  184,806 
{<10°/). 


The  SEP-PAK  was  further  eluted  with  warm  (50°C)  metha¬ 
nol,  resulting  in  no  further  recovery  of  the  antimalarial  but  a 
significant  amount  of  interference.  Additional  extraction  with 
hot  (60°C)  50%  Me0H/50%  H2O  as  well  as  final  extraction  with  a 
solution  of  0.1  N  HC1  did  not  result  in  the  recovery  of  additional 
WR  180,409  or  WR  184,806.  Therefore,  even  though  the  silica 
SEP-PAK  is  capable  of  extracting  the  antimalarials  from  the  ethyl 
acetate  extract,  and  a  significant  amount  of  the  major  interfer¬ 
ence  can  be  eliminated,  the  final  chromatogram  could  not  be 
improved  to  a  significant  extent. 

The  equilibrium  of  extraction  and  retention  of  the 
antimalarials  within  the  silica  SEP-PAK  may  be  altered  by  the 
polarity  of  the  solvent  used  to  place  the  extract  onto  the  column. 
In  a  separate  experiment  the  ethyl  acetate  extract  was  concen¬ 
trated  by  drying  and  the  solids  redissolved  in  dimethyl  forma- 
mi  de  (DMF),  a  very  polar  organic  solvent.  The  DMF  solution  of 
drug  extract  was  washed  through  the  silica  SEP-PAK  column  three 
times  in  a  manner  similar  to  the  previous  ethyl  acetate  extract 
experiment.  Upon  chromatographic  analysis  (Table  5)  it  was 
determined  that  the  majority  of  the  antimalarials  remained  in 
the  polar  organic  solvent  and  were  not  extracted  by  the  SEP-PAK. 
Similar  "clean  up"  steps  were  applied  to  this  silica  SEP-PAK. 

The  methanol  elution  of  the  micro  column  demonstrated  an  insig¬ 
nificant  degree  of  recovery  of  the  antimalarial. 

Since  the  antimalarials  were  not  adsorbed  from  the 
polar  solvent,  DMF,  a  less  polar  solvent,  ethylene  dichloride, 
was  tried.  The  ethylene  dichloride  containing  the  extracted 
antimalarials  was  flushed  through  the  silica  SEP-PAK  as  before. 
Chromatographic  analysis  of  the  remaining  ethylene  dichloride 
indicated  that  all  of  the  antimalarials  had  been  adsorbed  by 
the  column.  The  corresponding  chromatograms  demonstrated  only 
a  very  small  interference  pattern,  suggesting  that  the  silica 
column  had  ext  acted  not  only  the  antimalarials  but  the  majority 
of  the  interference  as  well.  The  SEP-PAK  column  was  then  washed 
with  additional  ethylene  dichloride,  without  loss  of  the 
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antimalarial .  The  SEP-PAKs  were  eluted  with  three  separate  10  ml 
aliquots  of  methanol  which  resulted  in  a  recovery  of  approximately 
60%  WR  180,409  and  90%  WR  184,806,  Additional  elution  with  warm 
methanol  and  methanol -water  yielded  additional  recovery  of 
WR  184,806  but  very  little,  if  any,  .WR  180,409.  Thus  although 
essentially  all  of  the  WR  184,806  can  be  removed,  only  65%  of  the 
WR  180,409  can  be  eluted  from  the  silica  SEP-PAK.  Unfortunately 
the  chromatograms  corresponding  to  the  various  elution  techniques 
were  not  significantly  more  independent  of  interference  patterns. 

C]8  SEP-PAK 


In  two  separate  experiments  the  concentrated  ethyl 
acetate  extract  was  dissolved  in  DMF  or  an  equal  part  mixture  of 
DMF  and  water  and  placed  on  a  Cl  8  SEP-PAK.  The  Cl 8  SEP-PAK 
system  was  then  washed  with  additional  DMF  resulting  in  the  loss 
of  some  antimalarial.  Elution  of  the  remaining  antimalarial  from 
the  column  was  attempted  with  methanol.  Only  limited  quantities 
of  the  remaining  antimalarial  were  removed  with  methanol  and  the 
resulting  chromatograms  included  a  significant  interference 
pattern. 


ii.c.  the  already  established  procedure  for  extracting 
the  antimalarials,  5  ml  of  blood  are  equilibrated  with  5  ml  of 
pH  7.4  phosphate  buffer  and  the  resulting  suspension  is  extracted 
three  times  with  10  ml  aliquots  of  ethyl  acetate.  The  ethyl 
acetate  fractions  are  collected,  combined  and  concentrated  by 
evaporation.  The  concentrated  extract  is  redissolved  in  an 
appropriate  mobile  phase  and  analyzed  by  HPLC.  The  analysis  by 
means  of  HPLC  is  complicated  significantly  by  the  presence  of 
interference  patterns  due  to  unknown  materials  extracted  from 
the  blood.  Under  ideal  conditions  it  should  be  possible  to 
"wash"  some  of  these  interference  impurities  out  of  the  ethyl 
acetate  extract.  Since  ethyl  acetate  is  miscible  with  many 
other  organic  substances,  it  is  very  difficult  to  refine  the 
ethyl  acetate  extract.  An  initial  attempt  was  made  to  wash  the 
extract  with  additional  pH  7.4  phosphate  buffer  as  reported  in 
subsection  i.a.  Although  no  improvement  was  observed  by  this 
technique,  no  loss  of  the  antimalarial  was  observed. 

Most  of  our  current  antimalarials  are  weak  amines 
which  should  become  ionized  in  acid  solutions.  The  ionized 
form  must  be  sufficiently  water  soluble  and  therefore  must 
remain  in  the  aqueous  phase  during  partition  with  an  organic 
solvent.  If  the  antimalarial  can  be  forced  to  remain  in  the 
aqueous  phase  by  means  o*  ionization  then  it  may  be  possible  to 
extract  the  biological  sample  with  an  organic  solvent  capable  of 
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removing  the  interfering  substances.  When  the  interference  has 
been  removed,  the  pH  of  the  remaining  aqueous  phase  can  he 
increased  until  the  antimalarial  returns  to  its  water  Insoluble 
unionized  form.  Under  these  conditions  the  amine  can  be 
extracted  from  the  aqueous  phase  In  the  usual  manner  and 
analyzed  by  HPLC  as  before.  The  final  chromatograms  should 
contain  considerably  less  interference  since  the  usual  inter¬ 
fering  substances  should  have  been  removed  by  pre-extraction 
with  organic  solvents. 

The  general  concept  is  illustrated  in  the  following 

flow  sheet: 


Aqueous  Biological  Sample 

acidify  to  decrease  pH  to 
ionize  the  antimalarial 

Acidified  Aqueous  Biological  Sample 

extract  with  organic  solvent 
(discard) 
if 

Acidified  Aqueous  Biological  Sample  Minus  Interference 

basify  to  increase  pH  to  force 
antimalarial  into  a  free  base 
form 

Basic  Aqueous  Biological  Sample 

1  extract  with  ethyl  acetate 

i - 

Aqueous  Phase  Organic  Extract 

(Discard) 

Concentrate  by  evaporation 
Analyze  by  HPLC 

The  most  ideal  acid-base  "clean-up"  technique  would  utilize  ethyl 
acetate  to  remove  all  of  the  normal  interference  while  the  anti¬ 
malarial  is  in  its  ionized  water  soluble  form.  As  the  pH  is 
increased  to  convert  the  antimalarial  to  its  water  insoluble  free 
base  form,  ethyl  acetate  would  again  be  used  to  extract  the  anti¬ 
malarial  from  the  remainder  of  the  biological  sample.  Several 
variations  of  pre-extraction  with  organic  solvent  were  attempted; 
the  results  are  described  in  Table  6. 


The  ionized  form  of  the  antimalarial  is  apparently 
somewhat  soluble  in  the  organic  layer.  This  was  already 
suggested  by  the  lack  of  retention  of  the  antimalarial  at  low 
pH  in  the  initial  recovery  experiments  described  in  subsection 
i . 


A  small  consistent  loss  of  both  antimalarial s  can  be 
tolerated  and  accounted  for  if  there  were  a  dramatic  improvement 
in  the  HPLC  chromatogram.  Only  minimal  improvement,  if  any,  was 
observed  in  these  experiments,  however. 

ii.d.  A  recent  article  (Sol din  et  al.,  1979)  has  described 
a  method  for  the  adsorption  of  ritilinic  acid  onto  charcoal, 
separation  of  the  charcoal -ritilinic  acid  from  the  interfering 
components,  liberation  of  the  ritilinic  acid  from  the  charcoal 
and  ultimately  quantitation  of  the  ritilinic  acid  by  HPLC 
analysis. 


A  similar  approach  was  attempted  by  adding  the 
activated  charcoal  "Norite"  to  the  ethyl  acetate  extract  of  the 
antimalarial.  After  prolonged  mixing  the  charcoal  was  separated 
from  the  ethyl  acetate  by  centrifugation  and  then  washed  with 
additional  ethyl  acetate.  The  Norite  was  ultimately  extracted 
with  methanol  to  recover  the  antimalarial  for  analysis.  In  one 
experimental  trial  all  of  the  antimalarial  had  been  removed  from 
the  ethyl  acetate  extract;  however,  it  was  not  possible  to 
remove  the  antimalarial  from  the  Norite  with  several  methanol 
extractions. 


The  experiment  was  repeated  using  silica  instead  of 
Norite  charcoal.  Unfortunately  the  silica  removed  only  75%  of 
the  antimalarial  from  the  ethyl  acetate,  and  extraction  of  the 
silica  with  methanol  recovered  only  25%  of  the  total  antimalarial. 
Total  recovery  of  the  antimalarial  was  increased  to  40%  when 
dilute  hydrochloric  acid  was  added  to  the  methanol. 

Although  these  initial  results  are  not  encouraging, 
many  other  forms  of  charcoal,  silica  and  adsorbents  are  available 
which  may  be  able  to  selectively  remove  the  antimalarial  from  the 
biological  sample  and  may  be  attempted  in  future  experiments. 

ii.e.  Most  of  the  candidate  antimalarial s  have  some  degree 
of  protein  binding,  which  may  prevent  complete  extraction  of  the 
antimalarial  leading  to  very  erratic  results.  Protein  binding 
can  often  be  disrupted  by  equilibration  of  the  biological  sample 
with  3  M  NaCl  as  mentioned  previously,  or  by  freezing  (Newell 
et  al.,  1978).  Since  all  of  the  validation  experiments  are 
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conducted  utilizing  outdated  bank  blood  spiked  with  methanol 
solutions  of  the  candidate  antimalarial,  it  may  be  that  the 
compounds  do  not  bind  with  the  protein  In  its  normal  in  vivo 
manner  and  binding  values  may  be  misleading  in  the  usual  in  vitro 
validation  study.  The  analysis  of  a  difference  in  in  vivo  and 
in  vitro  binding  of  these  antimalarials  may  only  become  apparent 
with  radiolabeled  experiments  in  animals. 

Several  experiments  were  conducted  to  determine  if 
part  of  the  massive  interference  peak  in  the  ethyl  acetate 
extract  was  due  to  protein,  If  proteins  are  present  in  the 
organic  extract  they  can  usually  be  precipitated  with  aceto¬ 
nitrile,  acetone  or  trichloroacetic  acid.  No  precipitate  was 
noted  when  3  ml  of  acetone  or  3  ml  of  acetonitrile  was  added  to 
a  10  ml  ethyl  acetate  extract.  Three  ml  of  a  20%  trichloro¬ 
acetic  acid  added  to  a  10  ml  ethyl  acetate  extract  did  not 
induce  a  precipitate  to  form  while  all  three  of  these  solutions 
produced  a  white  precipitate  in  the  unextracted  plasma  sample. 

If  the  protein  components  are  broken  down  by  the 
extraction  procedure  to  several  amino  acids,  it  is  possible 
that  these  may  be  extracted  and  become  a  significant  part  of  the 
chromatographic  interference  pattern.  Since  the  majority  of  the 
amino  acids  do  not  possess  UV  absorption  in  the  normal  analytical 
range,  no  contribution  to  the  interference  pattern  would  be 
expected.  However,  tryptophan  possesses  significant  UV 
absorption  in  the  analytical  range.  Dilute  methanol  solutions 
of  tryptophan  were  injected  into  the  HPLC,  resulting  in  a  lack 
of  significant  retention  on  the  micro  bondapak  CN  column. 

Therefore  its  UV  absorption  pattern  would  not  be  expected  to 
interfere  with  the  detection  of  the  antimalarial  peaks. 

ii.f.  Heparin  is  a  common  anticoagulant  used  in  many  human 
protocols.  Extraction  of  the  heparin  with  the  ethyl  acetate 
could  also  contribute  to  the  interference  pattern,  which  may  be 
easy  to  eliminate  by  changing  to  another  anticoagulant. 

Five  ml  of  dog  blood  were  extracted  with  ethyl 
acetate  immediately  after  collection;  0.2  ml  heparin  was  added 
to  5  ml  of  blood  collected  from  the  same  dog  and  was  extracted 
in  the  same  manner  as  the  first  blood  sample.  The  HPLC  inter¬ 
ference  pattern  of  both  blood  samples  were  identical.  Therefore, 
if  heparin  does  induce  an  Interference  pattern  it  is  not  expected 
to  interfere  with  the  chromatography  of  the  current  antimalarials. 

ii.g.  Another  technique  which  may  aid  in  the  extraction  of 
the  antimalarial  from  the  ethyl  acetate  extract  utilizes  the 
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amine  functional  group.  The  amine  function  of  many  compounds  can 
complex  with  other  reagents  leading  to  the  formation  of  a  colored 
product  which  is  readily  quantitated  by  UV  spectrophotometry. 

Both  WR  180,409  and  WR  184,806  complex  with  the  acid  dye 
bromthymol  blue  which  can  then  be  extracted  from  the  aqueous 
media  with  a  very  nonpolar  solvent  such  as  cyclohexane.  The 
cyclohexane  can  be  concentrated  by  evaporation,  simplifying  the 
HPLC  process.  A  similar  response  was  observed  with  congo  red  and 
thymolsulfonphthalein. 

Tn  a  basic  experiment  designed  to  demonstrate  the 
ability  of  a  dye  complex  to  form,  bromthymol  blue  and  congo  red 
were  allowed  to  interact  with  WR  180,409  and  WR  184,806  in  the 
presence  of  a  dried  ethyl  acetate  extract  which  had  been 
redissolved  in  a  50$  DMF/50%  water  solution.  After  mixing  for 
one  hr,  the  resulting  solution  was  extracted  with  cyclohexane. 
Either  the  acid  dye  complex  did  not  form  under  these  conditions 
or  the  complex  could  not  be  extracted  with  cyclohexane. 

iii.a.  In  the  current  procedures,  the  extraction  step 
involves  approximately  30  ml  of  organic  solvent.  In  order  to 
concentrate  the  organic  solution  of  the  antimalarial  and  its 
internal  standard,  the  organic  solvent  is  evaporated;  this 
causes  the  drug,  the  internal  standard  and  interference  material 
to  be  deposited  along  the  glass  sides  of  the  vessel.  The  entire 
dried  drug  extract  is  then  redissolved  in  0.5  to  1  ml  of  the 
organic  solvent  mixture  utilized  as  a  part  of  the  mobile  phase 
in  the  HPLC  system.  Under  these  conditions  the  drug  and  the 
internal  standard,  as  well  as  the  interference  materials,  have 
been  concentrated  at  least  30-fold.  Since  the  majority  of  the 
extract  consists  of  interference  materials  that  have  been 
solubilized  in  an  organic  solvent  of  very  specific  polarity,  it 
may  be  difficult  to  redissolve  all  of  the  interfering  materials 
in  a  solvent  mixture  of  different  polarities  as  may  be  required 
by  the  HPLC  system.  In  order  to  be  certain  that  none  of  the 
drug  or  its  internal  standard  are  trapped  among  the  interfering 
substances,  it  is  imperative  that  the  entire  extract  be 
completely  solubilized  by  whatever  solvent  is  chosen  to 
redissolve  the  extract.  The  small  quantity  of  organic  solvent 
chosen  to  redissolve  the  extract  must  come  in  contact  with  all 
of  the  glass  surface  of  the  inside  of  the  tube.  This  may  be 
very  difficult  if  the  quantity  of  organic  solvents  required  to 
dissolve  the  extract  is  extremely  small.  Several  washings  of 
the  inside  of  the  glass  vessel  with  the  organic  solvent  and 
then  reconcentration  by  further  evaporation  may  be  required. 


Another  limiting  factor  in  the  redissolution  of  the 
extract  and  the  antimalarial  is  the  propensity  of  some  of  the 
antimal trials  to  stick  to  the  glass  surface.  If  the  adhesion  of 
the  antimalarial  to  the  glass  surface  is  relatively  strong,  it 
may  be  very  difficult  for  the  limited  quantity  of  organic  solvent 
to  redissolve  the  solids.  Concentrating  the  antimalarials  and 
the  extraneous  materials  in  the  extract  by  evaporation  may 
promote  solvent  interaction  with  the  antimalarials  and  other 
materials  within  the  extract,  An  apparent  interaction  between 
the  antimalarial  and  the  organic  solvent  was  noticed  in  several 
experiments  and  was  directly  dependent  on  the  amount  of  time 
required  to  evaporate  the  organic  solvent.  The  longer  the 
organic  solvent  was  allowed  to  remain  in  contact  with  the  anti¬ 
malarial  during  this  evaporation  phase,  the  greater  was  the 
apparent  loss  in  the  final  chromatographic  analysis  of  the 
antimalarial  and  its  internal  standard.  This  is  shown  in 
Table  7.  This  phenomenon  was  much  more  apparent  if  the  anti¬ 
malarial  and  the  internal  standard  were  allowed  to  remain  in 
contact  with  only  the  organic  solvent  and  no  interfering 
materials  from  the  normal  blood  samples  were  present.  This 
suggests  that  the  interfering  substances  which  are  also 
extracted  by  the  organic  solvent  may  actually  trap  the  anti¬ 
malarial  and  its  internal  standard  and  thereby  keep  it  from 
interacting  with  the  organic  solvent.  Thus,  the  interfering 
materials  may  actually  serve  a  beneficial  purpose.  If  the 
interfering  materials  complex  with  the  antimalarial  and  the 
internal  standard,  this  may  allow  the  antimalarial  and  its 
internal  standard  to  be  placed  on  the  HPLC  column  for  analysis. 
Unfortunately,  the  interfering  materials  affect  the  final 
chromatography  of  the  antimalarial  and  its  internal  standard 
and  make  the  final  quantitation  very  difficult.  The  possible 
adhesion  of  the  antimalarial  to  the  glass  and  the  possible 
interaction  of  the  antimalarial  with  the  extracting  organic 
solvents  or  the  organic  solvents  utilized  to  place  the  sample 
on  the  HPLC  system  may  severely  limit  the  ability  to  develop  a 
refined  clean-up  system.  The  improved  quantitation  which  should 
be  achieved  by  a  refined  extraction  technique  may  be  lost  due  to 
the  interaction  of  the  more  pure  antimalarial  with  the  organic 
solvents  or  by  the  adhesion  to  the  glass  surface.  In  several 
experiments,  every  effort  was  made  to  minimize  the  contact 
between  the  antimalarial  and  the  sides  of  the  glass  vessel  wall, 
thereby  limiting  the  effect  to  interaction  between  the  anti¬ 
malarial  and  the  organic  solvent.  Under  these  conditions,  only 
a  very  limited  amount  of  drug  could  be  recovered.  In  other 
experiments  involving  the  same  amount  of  organic  solvent  but 
maximum  contact  with  the  sides  of  the  glass  vessel  wall,  more 
drug  was  ultimately  recovered.  Thus,  it  appears  as  though 
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adhesion  to  the  sides  of  the  glass  vessel  wall  may  be  beneficial; 
i.e.,  if  the  antimalarial  has  had  an  opportunity  to  adhere  to 
the  glass  walls,  it  will  not  interact  with  the  organic  solvent 
and  may  ultimately  be  recovered  by  dissolution  into  the  mobile 
phase.  The  interaction  which  is  observed  is  between  the  organic 
compound,  ethyl  acetate,  and  the  antimalarials.  Ethyl  acetate 
treated  in  an  identical  manner  has  no  interference  spectra 
whatsoever. 


Table  7  also  demonstrates  the  use  of  other  organic 
solvents  as  a  possible  substitute  for  ethyl  acetate.  These 
solvents  were  allowed  to  remain  in  contact  with  the  antimalarial 
for  72  hr.  The  organic  solvent  was  then  evaporated  to  dryness 
and  the  extract  was  redissolved  in  a  small  quantity  of  the 
appropriate  mobile  phase.  All  of  the  organic  solvents  utilized 
appear  to  have  some  interaction  with  the  antimalarial,  except 
possibly  hexane.  In  spite  of  a  lack  of  interaction  between 
hexane  and  the  antimalarials,  the  ultimate  recovery  of  the 
antimalarials  was  poor.  The  organic  solvent  xylene,  or  a 
mixture  of  xylene  and  methanol,  allowed  the  greatest  recovery 
of  the  antimalarials;  however,  it  also  induced  a  marked 
interference  pattern.  Therefore,  the  amount  of  chromatographic 
interference  does  not  appear  to  be  directly  related  to  the 
amount  of  interaction  between  the  organic  solvent  and  the 
antimalarials. 

iii.b.  Since  the  extraction  of  WR  180,409  and  WR  184,806 
with  other  organic  solvents  was  not  as  successful  as  extraction 
with  ethyl  acetate,  attempts  were  made  to  simply  "clean  up"  the 
already  dried,  concentrated  ethyl  acetate  extracts.  The  dried 
ethyl  acetate  extract  was  dissolved  in  5  ml  of  the  very  polar 
solvent,  dimethyl formamide  (DMF)  and  the  resulting  solution  was 
extracted  for  one  hr  with  10  ml  of  the  very  non-polar  solvent, 
hexane.  The  hexane  was  separated  from  the  DMF  solution  of  the 
extract.  Both  the  DMF  solution  and  the  hexane  were  concentrated 
by  evaporation  and  redissolved  in  the  appropriate  mobile  phase 
for  HPLC  analysis.  The  hexane  does  remove  some  of  the  inter¬ 
ference  from  the  beginning  of  the  chromatogram  as  well  as  a  small, 
but  tolerable,  amount  of  the  antimalarials.  Unfortunately,  the 
hexane  removes  very  little  of  the  interference  near  the  critical 
area  of  the  chromatographic  peaks.  Therefore,  the  chromatograms 
of  the  DMF  solution  remaining  after  the  hexane  extraction  do  not 
demonstrate  a  significant  degree  of  improvement. 

iv.  In  order  to  avoid  solubility  complications,  a  concen¬ 
trated  biological  extract  of  the  antimalarials  should  be 
dissolved  in  an  organic  solvent  which  is  the  same  as  or  very 
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similar  to  the  mobile  phase  being  used  in  the  HPLC  system.  In 
normal  phase  HPLC,  this  is  usually  a  mixture  of  ethylene 
dichloride  and  hexane,  which  readily  dissolves  not  only  the 
antimalarials  but  all  of  the  interfering  substances  as  well.  If 
the  reverse  phase  is  to  be  used,  a  solvent  compatible  with  the 
highly  polar  mobile  phase  must  be  selected  which  will  also 
dissolve  all  of  the  organic  extract.  Solvents  such  as  methanol 
which  are  highly  polar  and  compatible  with  the  reverse  phase 
mobile  phase  have  great  difficulty  in  dissolving  the  highly 
lipophilic  organic  extract.  Although  the  antimalarials  are 
very  soluble  in  methanol,  they  may  be  trapped  by  the  insoluble 
material  within  the  extract  unless  the  extract  is  entirely 
dissolved. 


Difficulty  in  redissolution  of  the  biological  extract 
may  often  be  a  function  of  the  necessarily  very  limited  amount  of 
organic  solvent  used.  The  small  amount  of  solvent  limits  the 
solubility  of  the  extract,  and  complete  contact  with  all  of  the 
antimalarial  remaining  on  the  sides  of  the  glass  tube  is  almost 
impossible.  In  spite  of  constant  rotation  and  ultrasonic  agita¬ 
tion  it  is  possible  that  some  of  the  antimalarial  may  remain 
attached  to  the  sides  of  the  glass  vessel. 

Prevention  of  adhesion  to  the  sides  of  the  glass  tube 
has  been  attempted  through  the  silization  of  the  glass  tubes 
without  any  significant  effect. 

Improved  solubilization  and  chromatography  has  been 
achieved  by  increasing  the  total  volume  of  the  solution  used  to 
dissolve  the  sample  and  by  increasing  the  polarity  of  the  injected 
sample  with  respect  to  the  polarity  of  the  mobile  phase  of  the 
column.  The  solid  residue  can  readily  be  dissolved  in  1.0  ml 
absolute  ethanol  at  room  temperature.  When  0.5  ml  acetonitrile  is 
added  to  this  ethanol  solution  of  the  biological  extract,  a  fine 
white  precipitate  is  formed.  The  degree  of  precipitation  is 
increased  significantly  when  this  sample  of  ;  5  ml  is  rapidly 
frozen  by  suspending  the  tip  of  the  round  bottomed  test  tube  in 
a  mixture  of  dry  ice  and  acetone.  The  mixture  is  then  centri¬ 
fuged  at  -25°C  for  15  min,  resulting  in  a  solution  containing 
copious  amounts  of  a  fine  white  precipitate.  A  small  quantity 
(50  yl)  of  the  solution  is  injected  into  the  normal  phase  HPLC 
system.  The  resulting  chromatogram  contains  less  interference 
and  somewhat  better  separation  of  the  chromatographic  peaks. 

This  technique  may  ultimately  be  useful  in  the  development  of 
a  t'inal  method. 

v.  After  the  evaporated  extract  has  been  redissolved  in 
an  organic  solvent  compatible  with  the  mobile  phase,  an  aliquot 
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of  it  must  be  injected  into  the  HPLC  system.  (In  the  HRLC 
apparatus  used  in  these  experiments,  it  was  possible  to  inject 
any  quantity  of  the  sample  up  to  3  ml.l  Usual  injection  volume 
is  between  5  yl  and  50  pi;  for  good  results,  the  accuracy  of 
the  injection  of  the  sample  is  critical.  In  order  to  avoid  an 
error  in  the  injection  volume  or  possibly  a  loss  of  some  of  the 
sample  volume  within  the  injector,  an  internal  standard  is  added 
to  +he  original  biological  sample.  For  our  purposes,  the 
internal  standard  is  another  antimalarial  with  properties 
similar  to  the  compound  to  be  analyzed.  In  this  manner  the 
internal  standard  is  treated  exactly  the  same  as  the  compound  to 
be  analyzed.  In  the  final  analysis,  the  unknown  compound  is 
compared  directly  to  the  internal  standard.  In  this  manner,  the 
internal  standard  should  be  able  to  compensate  for  inaccuracies 
and  thereby  correct  for  any  inaccuracies  in  the  injection  of  a 
fraction  of  the  biological  extract. 

vi.  The  primary  function  of  the  chromatographic  column  of 
the  HPLC  system  is  to  separate  the  antimalarials  from  other 
interfering  substances  which  are  present  in  the  extract  of  the 
biological  samples.  The  current  candidate  antimalarial  agents 
may  respond  to  several  different  types  of  column  packings.  A 
column  filled  with  a  relatively  polar  packing  will  have  some 
attraction  for  the  semi  polar  antimalarial  without  exhibiting  a 
significant  degree  of  attraction  for  the  nonpolar  lipid  compo¬ 
nents.  The  antimalarial  agents  can  ultimately  be  eluted  with  a 
semipolar  mobile  phase.  Under  ideal  conditions  it  may  be 
possible  to  select  a  mobile  phase  which  is  composed  of  several 
organic  solvents  so  that  the  final  polarity  enables  one  to  remove 
the  interference  components  first  and  then  remove  the  antimalarial 
components  at  a  ater  interval  with  the  same  mobile  phase.  This 
is  often  designated  as  "normal  phase  chromatography"  and  can  be 
accomplished  through  the  use  of  a  5  component  solvent  mixture 
(Stampfli  et  al.,  1979}  and  a  Waters  Associates  rnicrobonda-PAK 
CN  column. 


The  "reverse  phase"  approach  can  be  achieved  by 
binding  the  antimalarial  agents  to  a  nonpolar  column  followed 
by  differential  elution  of  the  antimalarials  and  the  interfering 
components  with  a  polar  mobile  phase.  The  reverse  phase  is 
somewhat  less  expensive  to  operate  and  has  generally  been 
accepted  as  being  capable  of  more  consistent  results.  Unfor¬ 
tunately,  solubility  differences  of  the  biological  extract  and 
the  required  polar  mobile  phase  have  made  this  system  difficult 
to  apply  to  the  antimalarials. 

In  order  to  eliminate  the  major  interference  compo¬ 
nents  a  dual  column  chromatographic  procedure  was  proposed  by 
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Sparacino  (1977).  In  this  procedure  an  initial  separation 
of  the  antimalarial  and  the  major  interference  components  are 
made  on  the  first  column,  The  interference  components  are 
channeled  to  "waste"  in  the  normal  manner  while  the  antimalarial 
fraction  is  shunted  to  a  second  column  by  means  of  a  switching 
valve.  A  final,  more  precise  separation  of  the  antimalarials  can 
then  be  made  on  the  second  column.  This  technique  was  not 
successful  in  the  analysis  of  WR  30,090  but  may  be  considered 
for  the  analysis  of  other  candidate  antimalarials. 

A  variation  of  the  Sparacino  technique  is  to  perform 
an  initial  separation  of  the  antimalarial  fraction  from  the 
major  interference  components.  The  antimalarial  fraction  from 
the  HPLC  is  collected,  concentrated  by  evaporation  and  then 
rechromatographed  on  a  separate  column  utilizing  a  mobile  phase 
specifically  suited  for  each  chromatographic  step.  This  more 
complete  separation  should  eliminate  the  interference  components 
and  allow  more  accurate  quantitation  of  the  antimalarials. 

Our  initial  efforts  to  quantitate  the  antimalarials 
by  this  two  step  technique  have  not  been  successful.  Unfor¬ 
tunately  an  irregular  source  of  loss  of  the  antimalarial 
WR  180,409  was  encountered.  Repetition  of  these  experiments 
with  radiolabeled  WR  180,409  will  be  required  to  determine  the 
source  of  error. 

vii.  After  the  antimalarials  have  been  separated  by  the 
chromatography  column  they  must  be  qualitatively  and  quantita¬ 
tively  identified.  The  ideal  detector  would  respond  only  to 
the  drugs  of  choice  and  would  not  respond  to  any  of  the  inter¬ 
ference  components.  Unfortunately,  very  few  specific  detectors 
are  available  and  the  specificity  of  the  detector  required  is 
entirely  dependent  on  the  compound  to  be  analyzed.  Fortunately 
most  of  the  antimalarials  have  a  high  inherent  absorptivity  of 
ultraviolet  light  and  can  be  monitored  at  the  standard  detector 
wavelengths  of  280  or  254  nm.  Most  of  the  solvents  used  in 
normal  phase  chromatography  are  transparent  at  these  wavelengths 
but  absorb  significantly  at  lower  wavelengths.  Although  the 
antimalarials  absorb  an  adequate  amount  of  ultraviolet  light  at 
the  aforementioned  wavelengths  it  should  be  possible  to  achieve 
even  greater  sensitivity  at  wavelengths  as  short  as  220  nm. 

Only  reverse  phase  chromatography  can  be  used  in  this  area  of 
the  ultraviolet  spectrum  since  only  a  few  highly  polar  solvent 
systems  are  transparent.  Unfortunately  the  chromatographic 
interference  components  also  absorb  ultraviolet  light  more 
intensely  at  220  nm.  This  may  invalidate  any  apparent  advantage 
achieved  by  utilizing  more  specific  absorbance  wavelengths. 


viii.  The  response  of  the  ultraviolet  detector  to  the  drug 
peak  eluted  from  the  chromatographic  column  is  monitored  by  a 
chart  recorder,  The  area  of  the  recorded  peak  is  directly 
proportional  to  the  concentration  of  the  antimalarial  within 
the  sample.  Within  limits  of  ultraviolet  spectrophotometry 
this  linear  relationship  is  consistent  and  can  be  used  to 
determine  the  concentration  of  the  chromatographed  antimalarials. 

Under  ideal  conditions  the  area  of  the  chromatographic 
peaks  of  the  biological  extract  can  be  compared  directly  with  the 
area  of  the  peaks  produced  by  similarly  chromatographed  methanol 
standards.  Unfortunately  this  comparative  relationship  can  only 
be  assumed  for  nearly  perfect  chromatography.  Any  deviation 
induced  by  chromatographic  interference  may  invalidate  the 
quantitative  relationships  and  lead  to  irregular  results. 

Determination  of  the  area  of  the  chromatographic 
peaks  has  always  been  attempted  by  simple  triangulation.  This 
system  leads  to  very  consistent  results  whenever  the  chromato¬ 
graphic  peaks  are  near  optimum;  however,  any  deviation  from 
symmetrical  peaks  invalidates  the  technique.  The  application  of 
modern  integration  techniques  will  be  attempted  as  soon  as 
feasible. 


The  development  of  procedures  leading  to  more  refined 
samples  for  injection  into  the  high  pressure  liquid  chromato¬ 
graphic  procedure  which  will  ultimately  result  in  a  more  accurate 
analytical  technique  is  the  objective  of  most  analytical  labora¬ 
tories  and  will  be  a  continuing  effort.  Although  many  systems 
have  been  examined  in  these  experiments,  none  have  really  been 
successful  or  have  demonstrated  marked  improvement.  Currently  it 
is  the  combination  of  every  possible  technique  which  allows  this 
system  to  function  and  is  therefore  dependent  on  the  nearly 
optimal  operation  of  each  individual  step.  Difficulty  in  any 
of  these  steps  may  lead  to  a  significant  amount  of  error  in  the 
final  analytical  procedure. 

3.  The  analysis  of  WR  180,409  in  human  blood  samples  by  means  of 
high  pressure  liquid  chromatography.- 

a.  Background: 

Blood  and  tissue  concentrations  of  the  new  candidate 
antimalarial,  WR  180,409,  have  been  determined  in  these  labora¬ 
tories  by  means  of  high  pressure  liquid  chromatography,  as  well 
as  with  radiolabeled  forms  of  WR  180,409.  The  use  of  radio- 
labeled  isotopes  is  very  accurate  and  simple;  however,  this 
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technique  cannot  be  used  to  determine  blood  levels  of  this  candi¬ 
date  antimalarial  in  the  human  volunteer. 

The  previous  approach  to  high  pressure  liquid  chromato¬ 
graphy  had  led  to  irregularities  due  primarily  to  the  inter¬ 
fering  materials  in  the  organic  extract.  Many  experimental 
attempts  have  been  made  to  improve  the  extraction  of  the  anti- 
malarial  and  to  develop  techniques  which  may  refine  the  organic 
extract  for  more  suitable  use  in  high  pressure  liquid  chromato¬ 
graphy.  A  number  of  these  attempts  have  been  reported  in 
section  2.  The  improved  extraction  techniques  as  well  as  the 
refinement  procedures  have  been  combined  into  a  technique  for 
the  analysis  of  WR  180,409.  Although  this  is  not  the  ultimate 
technique,  and  further  improvements  in  sensitivity,  precision 
and  accuracy  are  anticipated,  it  does  serve  as  a  working  concept 
for  basic  clinical  application. 

b.  Experimental : 

The  basic  principle  of  this  technique  is  to  add  the  inter¬ 
nal  standard  (WR  184,806)  to  the  blood  sample  in  a  concentration 
of  approximately  1000  ng/ml .  The  entire  blood  sample  of  approxi¬ 
mately  5  ml  is  equilibrated  with  5  ml  of  a  phosphate  buffer  at 
pH  7.4;  the  mixture  is  then  extracted  three  times  with  10  ml 
ethyl  acetate  each.  The  three  portions  of  ethyl  acetate  are 
combined  and  concentrated  to  dryness  by  evaporation  at  slightly 
elevated  temperatures  with  a  gentle  flow  of  ambient  air.  The 
extract  is  redissolved  in  20  ml  hexane  and  then  equilibrated 
with  5  ml  of  methanol .  This  mixture  is  again  concentrated  by 
evaporation  to  dryness;  the  procedure  is  then  repeated  once  and 
the  dried  residue  is  redissolved  in  1  ml  of  absolute  ethanol. 

Upon  complete  dissolution  of  the  residue  in  the  ethanol,  0.5  ml 
of  acetonitrile  is  added,  whereupon  a  slight  white  precipitate 
forms.  The  sample  is  frozen  at  -80°C  by  immersion  in  dry  ice 
and  acetone.  The  white  floculent  precipitate  is  then  forced  to 
settle  by  centrifugation  of  the  mixture  at  -25°C,  resulting  in 
a  clear  yellow  solution  with  a  white  more  tightly  packed  preci¬ 
pitate  at  the  bottom  of  the  tube.  A  50  yl  portion  of  the  clear 
solution  is  then  injected  into  the  HPLC  system.  This  combina¬ 
tion  of  acetonitrile  and  ethanol  is  compatible  with  either  the 
normal  or  the  reverse  phase  HPLC  system.  To  date,  all  of  the 
samples  have  been  analyzed  by  means  of  the  normal  phase  system 
on  a  Waters  Micro-Bondapak  CN  column.  The  5-component  mobile 
phase  system  utilized  in  this  technique  has  been  described  in 
great  detail  previously.  This  technique  is  capable  of  separating 
the  internal  standard,  WR  184,806,  from  the  candidate  antimala¬ 
rial,  WR  180,409,  as  well  as  separation  from  most  of  the 
remaining  interference.  The  procedure  is  illustrated  more 


clearly  in  the  following  flow-chart. 


WR  180,409  blood  sample  (approximately  5  ml  accurately  weighed) 

4 

Addition  of  internal  standard  (approximately  1000  ng/ml) 

4 

Addition  of  5  ml  buffer  (pH  7.4  phosphate)  (mix  thoroughly) 

4 


Addition  of  10  ml  ethyl  acetate,  mix,  centrifuge, 
remove  organic  layer 


f 

Blood  buffer  mixture 
4 

Repeat  addition  of  10  ml  ethyl 
acetate,  mix,  centrifuge,  extract, 
add  organic  ethyl  acetate  layer 
to  ethyl  acetate  layer  #1 

4 

Repeat  ethyl  acetate  extraction 
4 

Discard  remaining  blood  fraction 


j 

Ethyl  acetate  layer  (#1,  #2 
and  #3) 

4 

Evaporate  to  dryness 

4' 

Redissolve  in  20  ml  hexane, 
then  add  5  ml  methanol ,  mix 
completely  and  evaporate  to 
dryness 

4 

Repeat  previous  step 
i 

Dissolve  residue  in  1.0  ml 
absolute  ethanol 
4 

Add  0.5  ml  acetonitrile 
(mix) 


4 

Freeze  mixture  to  -80°C  by 
immersion  in  dry  ice/ 
acetone 


4 

Centrifuge  at  -25°C,  re¬ 
frigerate  until  injection 

4 

Inject  50  microliter  frac¬ 
tions  into  HPLC  for  quanti¬ 
tative  analysis 

4 

Analyze  chromatograms  by 
peak  area  ratios 


c.  Results; 

Determining  the  effectiveness  of  the  system's  ability  to 
analyze  WR  180,409  can  best  be  accomplished  by  the  analysis  of 
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unknown  samples.  The  unknown  samples  were  prepared  by  the 
addition  of  known  quantities  of  the  candidate  antimalarial , 

WR  180,409,  to  weighed  quantities  of  blood  obtained  from  the 
blood  bank.  The  unknown  samples  were  prepared  to  span  a  range 
of  100  ng  of  WR  180,409  per  gram  of  blood  to  1800  ng  per  gram  of 
blood.  Seven  blood  samples  were  studied  in  each  of  five  trials. 
The  results  of  the  analyses  of  the  unknowns  by  utilization  of 
this  system  are  shown  in  Table  8.  The  average  error  or  average 
percent  difference  of  the  true  value  and  the  value  found  by 
utilization  of  this  technique  is  approximately  + 8 %. 

A  preliminary  study  was  undertaken  to  determine  the  time 
course  of  the  absorption  and  elimination  of  the  candidate  anti- 
malarial,  WR  180,409,  from  tablets  and  capsules  in  four  human 
volunteers.  A  750  mg  dose  of  WR  180,409  was  presented  in  either 
3  tablets  or  3  capsules  to  each  of  four  volunteers.  Blood 
samples  were  withdrawn  from  these  volunteers  at  various  times 
and  the  corresponding  blood  level  at  these  intervals  was 
determined  through  the  utilization  of  the  HPLC  technique.  The 
blood  levels  obtained  in  these  volunteers  are  shown  in  Table  9. 

d.  Discussion; 

This  technique  for  the  analysis  of  WR  180,409  in  blood 
samples  is  indeed  cumbersome  and  somewhat  complicated.  Neverthe¬ 
less,  the  results  of  the  analysis  of  five  series  of  unknowns 
demonstrates  that  this  system  is  effective  and  may  be  acceptable 
for  the  analysis  of  blood  samples  obtained  from  human  volunteers. 
Although  this  system  can  be  utilized  in  its  present  form  as  has 
been  demonstrated  in  the  analysis  of  blood  samples  from  four 
volunteer  patients,  it  is  anticipated  that  further  improvements 
and  simplifications  will  be  made.  Further  improvements  in  the 
extraction  and  refinement  procedure  are  still  the  primary  goal 
of  the  current  HPLC  system.  Utilization  of  a  different  internal 
standard,  perhaps  a  derivative  of  WR  180,409  more  closely 
resembling  that  compound  in  structure,  may  aid  in  the  extraction 
technique  and  may  function  more  efficiently  in  the  reverse  phase 
chromatographic  procedure. 

4.  Development  of  an  in  vitro  method  for  the  determination  of 
methemoqlobin  formation  induced  by  a  drug. 

a.  Background; 

The  28  day  toxicity  studies  of  WR  225,448*succinate  in 
dogs  showed  methemoglobinemia  occurred  1-2  wk  after  daily  oral 
dosage  of  1,  3  or  9  mg/kg/day  of  the  drug  (Lee,  1979). 

Although  the  methemoglobinemia  was  seen  1-2  wk  after  the  start 
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of  dosing,  it  is  not  yet  known  whether  the  parent  drug  (unchanged 
WR  225,448}  and/or  its  metabolite(s}  caused  the  effect.  It  is 
difficult  to  obtain  sufficient  amount  of  purified  metabolite(s) 
from  either  the  i_n  vivo  study  or  an  jhi  vitro  isolated  organ 
metabolism  study.  The  existing  clinical  methods  for  quantitating 
methemoglobin  in  plasma  and/or  whole  blood  involve  chemicals  that 
may  form  a  complex  with  the  test  drug,  thereby  interfering  with 
the  assay.  Therefore,  the  existing  clinical  methods  for  deter¬ 
mining  methemoglobin  cannot  be  used  for  in  vitro  screening  of 
drugs  or  chemicals  to  determine  possible  methemoglobin  formation 
in  human  blood. 

The  objective  of  this  study  is  to  develop  an  in  vitro 
screening  method  for  the  Army  Drug  Development  Program  as  a  way 
to  screen  candidate  drugs  for  their  potential  to  effect  methemo¬ 
globin  formation  in  human  blood. 

b.  Materials  and  methods: 

1 •  Preparation  of  hemoglobin  solution: 

Fresh  heparinized  human  blood  (10-20  ml]  was  centri¬ 
fuged  at  2,000  RPM  for  10  min  and  the  plasma  was  withdrawn  from 
the  centrifuge  tube  and  discarded.  The  red  blood  cells  (RBC) 
were  suspended  in  twice  the  cell  volume  with  0.9%  saline.  The 
suspension  was  mixed  well  and  centrifuged  at  2,000  RPM  for  10 
min.  The  supernatant  was  discarded.  This  washing  of  the  RBC 
was  repeated  3  times.  After  the  final  wash  the  RBC  were 
hemolyzed  with  twice  the  cell  volume  of  deioni zed-distilled 
water.  After  mixing  the  solution  with  a  Vortex  mixer,  1  ml  of 
toluene  was  added  and  the  solution  was  mixed  again.  The 
hemolysate  was  centrifuged  at  10,000  RPM  for  15  min.  The 
toluene  layer  on  the  top  was  completely  removed  and  the  remaining 
hemoglobin  solution  was  relatively  free  of  particulate  matter  and 
lipids.  Without  further  dilution,  this  stock  hemoglobin  solution 
can  be  stored  in  a  refrigerator  for  at  least  one  month.  The 
final  hemoglobin  solution  used  for  the  experiment  was  prepared 
by  diluting  3  ml  of  the  stock  solution  with  deioni zed-di sti lied 
water  to  100  ml  in  a  100  ml  volumetric  flask. 

i i .  Preparation  of  drug  solutions; 

Stock  solutions  (3  x  10”2  M)  of  sodium  nitrite, 
primaquine  diphosphate  and  WR  225,448  succinate  in  deionized- 
distilled  water  were  prepared.  Working  solutions  of  each  drug 
(3  x  10-3  M,  3  x  10-4  M  and  3  x  10-5  m)  were  prepared  by  serial 
dilutions. 
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i i i .  Spectrophotometric  determination  of  the  concentration 
of  hemoglobin  (Hb)  and  methemoglobin  (MHb): 

A  Varian  Cary  219  spectrophotometer  was  used.  An 
appropriate  volume  of  the  test  drug  solution  was  used  such  that 
the  volume  of  the  drug  solution  added  to  the  appropriate  volume 
of  the  Hb  solution  would  give  a  final  drug  concentration  of 
10~3  m,  10-4  M,  10-5  M,  2  x  10"3  M,  etc.  Prior  to  each  determina¬ 
tion,  a  control  Hb  sample  was  also  made  with  the  same  volume  of 
Hb  solution  plus  a  volume  of  deionized-di stilled  water  equal  to 
the  volume  of  the  drug  solution  used.  To  illustrate,  when  the 
desired  test  drug  concentration  was  I0-3  M,  the  control  Hb 
solution  was  made  by  adding  2.9  ml  of  Hb  solution  and  0.1  ml  of 
deionized-distilled  water  in  a  cuvett  (10  mm  pathlength).  The 
test  drug  cuvett  contained  2.9  ml  of  Hb  solution  plus  0.1  ml  of 
3  x  1 0-2  M  drug  solution.  Three  ml  of  deionized-distilled  water 
was  used  as  a  blank  for  the  control  Hb  and  0.1  ml  of  the 
3  x  10~2  M  drug  solution  plus  2.9  ml  deionized-distilled  water 
was  used  as  a  blank  for  the  test  sample  containing  10"3  M  of  the 
test  drug.  Before  each  determination  deionized-distilled  water 
vs.  deionized-distilled  water  was  used  for  zero  baseline  adjust¬ 
ment. 


The  control  Hb  sample  was  scanned  first  from  600  nm 
to  500  nm  (range  =  1.0;  gain  =  0.25;  chart  display  =  10;  scan 
rate  =  0,5  nm/sec;  period  =  1.0  sec;  spectral  band  width  = 

0.5  nm).  The  chart  and  wavelength  were  returned  to  the  600  nm 
position  and  zero  baseline  was  checked  and  re-adjusted  if 
necessary  before  the  test  sample  was  scanned. 


The  concentration  of  Hb,  MHb,  %  MHb  and  the  net 
change  of  %  MHb  were  calculated  by  the  following  formula: 


[Hb] 

[MHb] 
[C]T 
%  [MHb] 
A  %MHB 


(1.64)  (0D576)  -  (0.64)  (0D560)  -  (0.72)  (0D540) 

TO5 

(0P540)  -  (0.20)  (0P560)  -  (0.82)  (0P576) 

0.20  x  104 


[Hb]  +  [MHb] 
[MHb] 


[C], 


x  100 


T 

%  [MHb] 


Drug 


-  %  [MHb] 


Control 


f 
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Where  EHb],  EMHb]  and  ECJj  are  the  concentrations  of  Hb,  MHb  and 
total  contents  respectively  in  either  the  control  sample  or  the 
test  sample.  The  numbers  1.64,  0.64  and  0.72  are  the  extinction 
coefficients  of  optical  densities  at  576  nm,  560  nm  and  540  nm, 
respectively,  for  Hb.  The  numbers  0.20  and  0.82  are  the  extinc¬ 
tion  coefficients  of  the  optical  densities  at  560  nm  and  576  nm, 
respectively,  for  MHb  (Benesch  et  al.,  1965).  All  optical 
densities  refer  to  a  10  mm  light  path. 

c.  Results: 

The  effects  of  sodium  nitrite  (NaN02)>  primaquine  diphos¬ 
phate  and  WR  225,448- succinate  on  the  spectral  changes  of  human 
Hb  are  summarized  in  Table  10.  Table  11  summarizes  the  effect 
of  these  agents  on  MHb  formation.  Sodium  nitrite  at  a  concen¬ 
tration  of  10-4  m  produced  a  2.3%  MHb  formation  while  at  10-3  m 
it  caused  100%  methemoglobin  formation  in  the  sample.  Since  the 
sample  itself  originally  contained  7.4%  MHb  (determined  by 
measuring  %  MHb  of  the  control  sample),  the  net  MHb  formation 
was  92.6%. 

Primaquine  diphosphate  at  a  concentration  of  10~4  M  did 
not  cause  any  MHb  formation  in  human  Hb.  However,  it  caused 
8.5%,  29.7%,  42.0%  and  91.3%  at  concentrations  of  10-3  m, 

2  x  10-3  M,  3  x  10-3  m  and  4  x  10"3  M  respectively. 

WR  225,448- succinate  at  10"4  M  did  not  cause  any  MHb 
formation  in  human  Hb.  It  caused  22.8%  MHb  formation  in  human 
Hb  at  10-3  m,  which  is  higher  than  primaquine  diphosphate  at  the 
same  molar  concentration  but  far  less  than  that  of  sodium  nitrite. 

d.  Discussion: 

Available  clinical  methods  for  evaluating  methemoglo¬ 
binemia  caused  by  drugs  or  chemicals  are  based  on  the  charac¬ 
teristic  that  the  methemoglobin  absorption  band  at  630  nm  is 
almost  completely  abolished  by  the  addition  of  potassium  cyanide, 
which  converts  the  pigment  to  cyanmethemoglobin.  The  resulting 
change  in  absorbance  is  directly  proportional  to  the  concentra¬ 
tion  of  methemoglobin  in  the  solution  (Dubowski,  1964).  These 
clinical  methods  require  careful  handling  of  the  blood  specimens 
and  prompt  analysis.  Delayed  analysis,  incomplete  hemolysis  and 
cloudy  blood  dilutions  are  potential  sources  of  error,  in 
addition  to  instrumental  to  other  technical  errors. 

In  our  preliminary  studies,  we  found  that  two  major 
factors  prevented  us  from  using  the  clinical  methods  for  the 
determination  of  methemoglobin  formation  caused  by  a  drug 
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in  vitro.  The  first,  a  minor  factor,  is  the  time  factor.  The 
small  amount  of  time  allowed  for  performing  the  analysis  after 
drawing  fresh  human  blood  is  not  sufficient  for  an  in  vitro 
screening  of  a  series  of  concentrations  of  a  drug.  The  major 
factor  is  that  the  chemicals  involved  in  the  clinical  methods, 
such  as  potassium  cyanide,  form  a  complex  with  our  test  drugs 
which  interfers  with  the  analysis.  This  makes  the  clinical 
methods  completely  useless  for  the  in  vitro  screening  of  the 
effect  of  a  drug  on  methemoglobin  formation  in  human  blood. 

The  results  of  this  study  show  that  the  method  developed, 
as  described  in  section  b,  is  a  simple,  rapid,  reliable  and 
reproducible  procedure  to  determine  whether  a  drug  or  its  metabo¬ 
lite  (if  obtainable)  is  a  methemoglobin-producing  agent  in  human 
blood  in  vitro.  This  method  can  be  used  to  screen  a  number  of 
drugs  in  a  relatively  short  period  of  time. 

The  major  time  consuming  part  of  the  procedure  was  the 
preparation  of  the  Hb  solution.  However,  once  the  stock  Hb 
solution  was  prepared,  it  can  be  stored  in  the  refrigerator  for 
at  least  one  month.  This  may  be  due  to  the  fact  that  the  Hb 
solution  was  prepared  with  deioni zed-distilled  water  instead  of 
phosphate  buffer  and  that  the  relatively  concentrated  Hb  itself 
was  stable  because  it  was  relatively  free  of  lipids  and  cell 
debris.  Even  the  diluted  Hb  solution  was  stable  during  the 
entire  experiment  and  for  at  least  6  hr  at  room  temperature. 
Evidence  for  this  is  that  the  spectral  curve  between  600  nm  and 
500  nm  for  the  control  Hb  remained  unchanged  and  that  the  calcu¬ 
lated  [Hb]  for  the  control  Hb  remained  at  a  range  of  4.73  x  10-5 
to  5.00  x  10-5  throughout  the  experiment.  Furthermore,  each  week 
for  a  month  a  sample  of  the  stock  Hb  solution  was  taken,  diluted 
and  scanned  from  600  nm  to  500  nm  as  described  above.  It  was 
found  that  both  the  spectral  curve  and  the  Hb  concentration  were 
essentially  unchanged. 

There  are  limitations  to  this  in  vitro  method.  For  a 
drug  to  be  scanned  for  its  MHb  formation  potential,  the  drug 
must  be  relatively  water  soluble  (3  x  10-4  M  to  3  x  10"3  M 
solutions  can  be  made)  and  the  absorption  peaks  of  the  drug 
cannot  be  the  same  as  those  of  the  human  hemoglobin. 

5 .  The  tissue  distribution  of  DL-threo-ot-(2-piperidyl  )-2,8- 
bis(trifluoromethyl )-4-quinol inemethanol  hydrochloride 
(WR  177,602-HCl)  in  mic£ 


( 
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a.  Background: 


The  quinolinemethanol  derivative,  WR  177,602,  is  a 
diastereoisomer  of  mefloquine.  WR  177,602  is  27  times  more 
potent  than  quinine  against  Plasmodium  berghei  malaria  infec¬ 
tions  when  administered  orally  to  the  mouse.  This  compound  is 
also  effective  in  curing  human  and  animal  multidrug-resistant 
strains  of  malaria.  The  objective  of  this  study  was  to  deter¬ 
mine  the  tissue  distribution  of  this  compound  in  mice. 

b.  Materials  and  methods: 

Radioactive  WR  177,602-HCl  (Sp  Act  32.3427  pCi/mg;  Lot 
No.  469a-3-l)  was  synthesized  by  Monsanto  Research  Corp. 

(Dayton,  OH)  with  the  1 ^C-l abel  in  the  alcohol  carbon.  The 
nonradioactive  compound  (Lot  AD,  Bottle  No.  BE  77728)  was 
prepared  by  Cordova  Chemical  Co.  (Sacramento,  CA).  Radioactive 
and  nonradioactive  compounds  were  codissolved  to  obtain  a 
suitable  specific  activity  of  1.62  pCi/mg.  Radiochemical  purity 
of  the  compound  was  assayed  by  thin-layer  chromatography.  A 
suspension  of  the  resulting  mixture  of  WR  177,6Q2-‘4C-HC1  was 
prepared  in  0.2%  methyl  cellulose  and  0.4%  Tween®  80  in 
deionized  water,  1  mg/ml.  A  premixed  liquid  scintillation 
solution.  Hydromix®  (Yorktown  Research  Co.,  S.  Hackensack,  NJ) 
was  used  for  radioassay.  All  other  chemicals  and  solvents 
used  were  reagent  grade  quality. 

Albino,  ICR  female  mice  from  the  Walter  Reed  Colony 
[Walter  Reed  Medical  (Institute  of  Cancer  Research)  Barrier- 
Reared  mice],  weighing  about  25  gm,  were  used.  The  mice  were 
fed  D  and  G  Laboratory  diet  (G.L.  Baking  Co.,  Frederick,  MD), 
and  were  maintained  in  a  temperature  controlled  room  with  a 
12-hr  light-dark  cycle.  The  mice  were  fasted  for  about  18  hr 
prior  to  dosing  but  were  permitted  water  ad  libitum.  A  dose  of 
10  mg/kg  was  administered  to  each  mouse  by  oral  intubation. 

Seven  groups  of  3  mice  each  were  housed  in  standard  rodent  cages. 
All  groups  were  allowed  water  ad  libitum,  but  food  was  not 
allowed  until  4  hr  after  dosing.  Standard  doses  were  taken  for 
radioassay  before,  during  and  after  dosing  the  animals. 

At  the  chosen  sampling  times  (12,  24,  36,  48,  60,  72 
and  96  hr  after  dosing)  the  3  animals  in  a  group  were  anesthe¬ 
tized  with  ether,  exsanguinated  via  transection  of  the  surgi¬ 
cally  exposed  femoral  vessels  and  various  whole  organs  and 
tissue  samples  were  excised.  Each  whole  organ  sample  and 
tissue  sample  for  each  time  interval  group  represents  a  pooled 
sample  from  the  3  mice  assigned  to  that  group.  Each  pooled 
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sample  was  placed  in  a  preweighed  container,  weighed,  and 
sufficient  absolute  methanol  was  added  to  cover  the  tissues. 

The  respective  groups  of  carcasses  were  frozen  for  later 
processing. 

Each  organ/ tissue  pool  was  homogenized  in  absolute 
methanol  in  a  Waring©  blender  and  the  homogenate  was  slurried 
into  a  glass  column.  After  the  methanol  was  eluted  from  the 
homogenate  and  the  eluate  was  recycled  through  the  column, 
extraction  was  accomplished  by  slowly  passing  3-4  bed  volumes 
of  additional  methanol  through  the  column.  The  total  volume  of 
these  combined  eluates  from  each  organ/tissue  sample  was 
measured  and  aliquots  were  taken  for  radioassay.  The  methanol 
extracts  were  evaporated  to  dryness  in  a  flash  evaporator  at 
32°C  and  were  reconstituted  in  small  amounts  of  absolute 
methanol.  Aliquots  were  taken  for  radioassay  and  the  samples 
stored  in  a  freezer  at  -10°C  for  further  studies. 

The  3  individual  carcasses  from  each  respective  group 
were  defrosted  at  room  temperature  and  homogenized  together  in 
absolute  methanol  in  a  tissue  grinder  (Model  SD45,  Tekmar  Co., 
Cincinnati,  OH)  and  the  homogenates  processed  in  the  same 
manner  as  the  tissue  samples. 

Fifteen  ml  of  premixed  scintillation  fluid  (Hydromix©) 
were  added  to  each  aliquot  taken  for  radioassay.  The  samples 
were  counted  for  10  min  or  10,000  counts  in  a  Searle  Mark  II 
liquid  scintillation  counter.  Quenching  and  counting  efficiency 
were  corrected  by  external  standardization. 

Appropriate  amounts  of  the  reconstituted  samples  were 
streaked  on  EM  precoated  silica  gel  G  F254  TLC  plates,  0.25  mm 
thickness  (EM  Laboratories,  Elmsford,  NY),  and  developed  for 
10  cm  from  the  origin  with  ethylene  dichloride :gl acial  acetic 
acid:methanol  (8:1:1,  v/v/v)  as  the  solvent  system.  This 
solvent  was  the  best  among  seven  TLC  solvent  systems  tested 
prior  to  the  study.  After  air-drying,  the  plates  were 
visualized  with  ultraviolet  light  (254  nm)  and  scanned  with 
a  Varian  Model  6000  Radioscanner  with  integrator  (time  constant, 
1  sec;  speed,  10  cm/hr;  attenuation,  10  cps).  The  integration 
of  the  radioscanner  provided  a  means  for  measuring  the  relative 
percentage  of  radioactivity  for  each  peak.  A  control  streak  of 
'^C-WR  177,602-HCl  was  placed  on  each  plate  as  an  Rf  comparison 
standard. 
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c.  Results: 


The  distribution,  concentration  and  elimination  of 
^c-WR  177,602  were  studied  in  selected  organs  and  tissues  at 
12,  24,  36,  48,  60,  72  and  96  hr  after  oral  dosing  in  female 
mice.  In  this  experiment,  elimination  of  drug-derived  radio¬ 
activity  via  urinary  and  fecal  routes  was  not  concurrently 
determined.  Therefore,  total  dose  recovery  cannot  be  calcu¬ 
lated  for  each  group. 

The  sites  of  distribution  (excluding  the  gastrointestinal 
tract  and  its  contents)  of  14c  WR  177,602-derived  radioactivity 
are  shown  in  Table  12.  At  12  and  24  hr,  respectively,  after 
dosing  the  major  sites  are  the  lungs  (3.0%  and  1.6%),  liver 
(7.2%  and  4.8%),  kidneys  (1.6%  and  1.1%)  and  the  residual 
carcasses  (21.2%  and  13.2%).  At  36  hr  after  dosing  the  liver 
(2.8%),  lungs  (1.0%)  and  residual  carcasses  (7.0%)  still  con¬ 
tain  relatively  high  levels  of  drug-derived  radioactivity.  All 
other  organs/tissues  contained  less  than  1%  of  the  total  radio¬ 
activity  at  12  hr  with  uniformly  declining  values  through  96  hr. 

The  major  organs/tissues  (excluding  the  gut)  concentra¬ 
ting  the  drug-derived  radioactivity  on  a  yg  I4c-drug  equivalents 
per  gm  tissue  basis  (Table  12)  were:  at  12  hr  after  dosing,  the 
gall  bladder  plus  bile  (269.1),  lungs  (60.9),  abdominal  fat 
(15.2),  kidney  (13.7),  liver  (12.6)  and  adrenal  glands  (9.9); 
at  24  hr  after  dosing,  gall  bladder  plus  bile  (23.1)  lungs 
(22.9),  eyes  and  harderian  glands  (12.7),  kidney  (8.9)  and 
liver  (8.2).  All  other  tissues  throughout  the  course  of  this 
study  contained  concentrations  1  mss  than  8  yg/g  and  declined 
uniformly  through  96  hr.  The  time  course  characteristics  of 
the  decline  of  drug-derived  radioactivity  are  indicated  in 
Table  13,  which  shows  the  biological  half  life  of  elimination 
[th)  of  ‘4c-drug-derived  radioactivity  for  selected  organs  and 
tissues.  The  tk  for  whole  blood  (20.30  hr,  R2  =  .990)  and 
plasma  (19.45  hr,  R?  =  .994)  are  reported  elsewhere  and  are 
stated  here  for  comparison. 

Of  the  organs/tissues  containing  sufficient  drug- 
derived  radioactivity  for  analysis,  the  major  sites  (excluding 
gut)  concentrating  parent  drug  on  a  yg  drug/p  basis  (Table  14) 
were:  at  12  hr  after  dosing,  the  lungs  (39.2),  kidney  (8.5), 
liver  (7.5),  submaxillary  salivary  glands  (6.5)  and  heart  (5.0); 
at  24  hr  after  dosing,  lungs  (9.9),  eyes  (8.0),  liver  (4.3)  and 
kidney  (4,2).  The  lungs  contained  a  high  concentration  of  parent 
drug  with  9.5,  4.6  and  2.6  yg/gm  at  36,  48  and  60  hr  after 
dosing,  respectively.  Kidney  (2.3,  2.3  and  0.4  yg/gm)  and 
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liver  (2.7,  1.6  and  0.9  yg/gm)  also  contained  relatively  high 
concentrations  of  parent  drug  at  these  respective  times  after 
dosing.  The  biological  half  life  of  elimination  (t^)  of  parent 
drug  was  calculated  similarly  to  those  in  Table  13  and  was: 

13.34  hr  (R2  =  .851)  for  lungs;  16.18  hr  (r2  =  .999)  for  liver; 
and  12.28  hr  (R2  =  .951)  for  kidney.  The  th  for  parent  drug  in 
plasma  (16.06  hr,  R2  =  .979)  is  reported  elsewhere  and  is 
stated  here  for  comparison. 

d.  Discussion: 

The  tissue  distribution  and  concentration  of  WR  177,602* 
HC1  was  investigated  in  female  mice  after  oral  administration. 

A  high  percentage  of  the  administered  dose  was  found  in  the 
liver,  lungs,  kidneys  and  residual  carcasses  (as  well  as  the 
GI  tract)  of  these  animals  over  the  course  of  the  study.  The 
concentration  of  '^C-drug  equivalents  per  gram  tissue,  as  well 
as  the  concentration  of  parent  drug-associated  radioactivity, 
also  remained  high  in  these  organs  (and  carcasses)  over  the 
course  of  the  study.  The  biological  half  life  of  elimination 
of  ^c-drug  equivalent  radioactivity  and  parent  drug  associated 
radioactivity  in  these  tissues  apparently  follow  a  monoexponen¬ 
tial  decline  over  the  time  course  studied.  The  Interpretation 
of  this  with  regard  to  14c-drug  equivalent  data  is  difficult 
since  such  concentration  values  represent  a  mixture  of  sub¬ 
stances  (parent  drug  and  metabolites)  and,  therefore,  the 
resulting  governing  model  equation  is  not  necessarily  linear 
with  respect  to  time  (i.e.,  ln([parent]t  +  [metabolite  l]t...  + 
[metabolite  n]t)  =  ln([parent]q  e-kpt  +  [metabolite  1]0  e-kmi* 
...  +  [metabolite  n]0  e-kmnt)  is  not  linear).  However,  coupled 
with  the  Information  that  the  parent  drug  appears  to  follow  the 
same  monoexponential  clearance  (elimination)  process(es), 
several  possibilities  exist  for  explaining  the  apparent  mono¬ 
exponential  tissue  clearance  of  both  total  radioactivity  and 
parent  drug  concentrations:  first,  if  the  rate  constants  for 
the  tissue  clearance  (elimination)  of  the  parent  drug  and 
metabolites  are  equal,  then  in  characterizing  the  sum,  we  have 
characterized  the  parts;  and,  secondly,  if  the  rate  constants 
of  several  components  were  large  (fast),  resulting  in  negligibly 
small  exponential  terms,  the  th  measurement  would  represent  the 
characteristics  of  the  slow  component.  It  is  impossible  to 
characterize  the  true  kinetics  of  this  drug  in  mice  further  at 
this  time  without  thorough,  sensitive  analysis  of  the  metabolite 
components  of  the  system.  A  further  complicating  factor  may  be 
due  to  possible  biliary  excretion  and/or  enterohepatic  circula¬ 
tion  of  this  drug,  inasmuch  as  persistently  high  concentrations 
of  14c-drug  equivalents  (and  parent  drug  in  the  case  of  liver) 
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are  found  in  the  gall  bladder  and  bile,  and  in  the  liver  during 
the  course  of  the  study. 

14 

The  ability  of  the  C-drug  equivalents  to  concentrate 
in  skeletal  muscle  and  fat  (and  residual  carcasses)  gives  some 
indication,  along  with  previously  reported  data,  that  the  drug 
may  accumulate  there  during  the  first  24-36  hr,  with  clearance 
thereafter.  The  adrenal  glands,  submaxillary  salivary  glands, 
heart  and  spleen  also  concentrate  l^c-drug  equivalents  of  this 
drug. 

6.  Development  of  new  antimalarial  drugs. 

a.  Background: 

The  Department  of  Pharmacology  is  also  charged  with  the 
responsibility  of  writing  Notice  of  Claimed  Investigational 
Exemption  for  New  Drug  (IND)  submissions.  These  include  planning 
and  designing  the  experiments,  and  assembling,  evaluating, 
coordinating  and  correlating  the  data  required  for  both  the 
Initial  submission  and  all  supplementary  submissions  for  each 
drug.  The  data  must  be  continuously  monitored  and  evaluated 
from  both  in-house  and  contract  sources,  as  well  as  proprietary 
and  open  literature  sources. 

b.  Current  Investigational  New  Drugs: 

Fourteen  IND's  are  currently  classified  in  the  Active 
status.  These  include  two  combinations  and  the  remainder  are 
single  drugs.  In  addition  three  new  drugs  have  been  elevated 
to  IND  status:  WR  225,448;  WR  226,253;  and  WR  228,258. 

c.  Technical  monitoring  of  contracts  necessary  for  data 
generation: 

Thirteen  active  contracts  were  closely  guided  by  the 
Department.  These  ranged  from  pharmacological  areas  such  as 
toxicology  and  drug  metabolism  to  those  of  drug  formulation 
and  development  of  methods  to  determine  blood  levels  of  drugs. 

As  an  integral  part  of  the  task,  specifications  for  three 
RFQ's  were  written  and  appropriate  Selection  Boards  convened. 


Table  1 


Extraction  by  Ethyl  Acetate  of  Approximately  Equal  Concentrations 
(1000  ng/ml)  of  WR  180,409  and  WR  184,806  at  Various  pH 


pH 

Percent  Extracted 

WR  180,409  WR  184,806 

Quality  of  Chromatographic 
Peaks 

2.0 

undetermined 

23.8 

Poor;  significant  inter- 

undetermined 

undetermined 

ference 

4.1 

72.5 

70.8 

Poor;  tailing  peaks;  base¬ 
line  interference 

6.0 

87.6 

84.8 

Poor;  tailing  peaks;  base¬ 
line  interference 

7.4 

90.8 

91.6 

Adequate  separation 

94.7 

93.9 

Some  baseline  interference 
slight  tailing  of  peaks 

8.2 

77.8 

92.5 

Tailing  peaks;  near  base¬ 
line  separation 

84.8 

90.1 

II 

10.1 

75.0 

98.6 

II 

64.6 

94.6 

II 

12.0 

53.6 

97.6 

II 

60.6 

98.3 

II 

13.0 

54.3 

96.5 

II 

57.1 

97.4 

II 
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Table  2 

Recovery  of  WR  180,409  and  WR  184,806  Extracted  with  Various  Organic  Solvents  from  Spiked  Blood 

Equilibrated  with  pH  7.4  Phosphate  Buffer 
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Table  2  (Concluded) 
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Table  4 


Recovery  of  WR  180,409  and  WR  184,806  Extracted  with  Ethyl  Acetate 
from  Spiked  Blood  Samples  Equilibrated  with  pH  7.4  Phosphate  Buffer 


Trial  # 

Percent  Recovery8 

WR  180,409 

WR  184,806 

1 

97.2 

132.5 

2 

98.6 

134.6 

3 

82.1 

88.1 

4 

86.8 

88.7 

5 

94.7 

93.9 

6 

82.2 

85.9 

7 

98,5 

83.1 

8 

112.1 

132.5 

9 

108.2 

117.3 

10 

103.0 

116.0 

11 

100.0 

X  +  s.d.  =  96.7  +  9.8  X  +  s.d. 

115.0 

=  108.0  +  20.5 

determined  by  comparison  of  HPLC  peak  of  extracted  sample  with 
HPLC  peak  of  antimalarfal  standard  dissolved  in  methanol. 
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irence  in  area  of  drug  peak;  C.O.  -  could  not  be  determined. 
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Table  9 

Blood  Levels  of  WR  180,409  in  Four  Human  Volunteers  Following 
Oral  Administration  of  750  mg  of  WR  180,409 


Capsules  Lot  E-556 

Tablets 

Lot  D-522 

Time  (hr) 

Vol  #345 
(pg/g) 

Vol  #347 

(pg/g) 

Vol  #346 
(pg/g) 

Vol  #348 

(pg/g) 

-0.25 

0.000 

0.000 

0.000 

0.000 

1.0 

0.119 

0.000 

0.000 

0.000 

2 

0.230 

0.190 

0.188 

0.000 

4 

0.349 

0.323 

0.270 

0.175 

6 

0.391 

0.370 

.a 

0.222 

8 

0.411 

0.523 

0.311 

0.263 

12 

0.365 

0.524 

0.229 

0.239 

16 

0.412 

0.465 

0.325 

0.281 

20 

0.320 

0.455 

0.251 

0.269 

24 

0.341 

0.456 

0.222 

0.190 

28 

0.458 

0.373 

0.266 

0.142 

30 

0.327 

0.479 

0.241 

0.222 

36 

0.333 

0.427 

0.196 

0.306 

40 

0.345 

0.423 

0.150 

0.282 

44 

0.249 

0.265 

0.299 

0.230 

48 

0.343 

0.316 

0.198 

0.199 

60 

0.334 

0.398 

0.200 

0.189 

72 

0.234 

0.321 

0.122 

0.142 

96-98 

0.279 

0.275 

0.104 

0.151 

144-146 

0.250 

0.196 

0.070 

0.105 

168-170 

0.206 

0.182 

0.061 

0.070 

312-314 

0.136 

-a 

0.008 

0.004 

480-482 

0.096 

0.077 

0.000 

0.005' 

aNot  run. 
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The  Effect  of  Sodium  Ni' 
WR  225, 448-Succinate  on  the 

Sample 

Control  Hb 
NaN02  10"4  M 

Control  Hb 
NaN02  10~3  M 

Control  Hb 

-4 

Primaquine  10  M 
Control  Hb 

Primaquine  2  x  10"3  M 
Control  Hb 

Primaquine  3  x  10"3  M 
Control  Hb 

_3 

Primaquine  4x10  H 

Control  Hb 
WR  225,448  10"4  M 

Control  Hb 
WR  225,448  10"3  M 


5 


10 


imaquine  Diphosphate  and 
Changes  of  Human  Hemoglobin 
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Control  Hb  4.22  x  10  0.40  x  10_b  8.7 

Primaquine  4  x  10'3  M  0  3.80  x  1  O'5  100.0 


Table  11  (Concluded) 
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Table  13 

14 

Biological  Half-Life  of  Elimination  of  C-Drug-Derived  Radioactivity 
from  Tissues  of  the  Mouse  after  Oral  Dos.ng  with  WR  177,602-HCl 


Tissue 

uq  C-drug  Equiv/g  Tissue  vs.  Time 

_ ty  ... 

k 

Residual  Error 

Lungs 

12.0? 

.995 

1 .9102 

liver 

17.27 

.987 

.31397 

Kidney 

15.71 

.985 

.40351 

Bra  in 

20.64 

.866 

.16462 

Salivary  Glands 

15.68 

.988 

.10987 

Heart 

15.95 

.993 

.04862 

Gall  Bladder 

21.17 

.875 

9.5983 

Spleen 

18.01 

.898 

.710871 

Adrenal  Glands 

19.84 

.921 

.92576 

Abdominal  Fat 

19.39 

.962 

.01514 

Residual  Carcass 

15.06 

.995 

24.881 

Gl  Tract  (plus  contents) 

13.05 

.872 

2.3691 

atH  values  are  calculated  using  the  equation  tH  *  In  2/e,  where 
6  represents  the  first-order  rate  constant  of  elimination  from 
the  monoexponential  regression  equation:-  C  «  Coe*Bt. 
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Table  14 


Concentration  of  Parent  Drug  in  Organs  and  Tissues 
of  Mice  after  Ora)  Dosing  with  14C-WR  T 77,602 -MCI 


Tissue 

ug  Parent  Drug/g  Tissue4 

12  hr 

24  hr 

36  hr 

48  hr 

60  hr 

lungs 

39.19  (77) 

9.86  (43) 

9.50  (71) 

4.57  (60) 

2.55  (64) 

liver 

7.45  (59) 

4.25  (52) 

2.70  (70) 

1.63  (50) 

.92  (52) 

Kidney 

8.51  (62) 

4.18  (47) 

2.33  (60) 

2.28  (68) 

.39  (25) 

G!  Tract 

5.13  (52) 

5.54  (66) 

1.85  (50) 

.49  (23) 

b 

Eyes 

1.33  (47) 

8.01  (63) 

.55  (14) 

b 

b 

Brain 

2.67  (94) 

1.65  (97) 

1.50  (89) 

b 

b 

Salivary  Glands 

6.54  (90) 

b 

1.61  (78) 

b 

b 

Heart 

5.03  (73) 

.94  (26) 

b 

b 

b 

Residual  Carcasses 

114.10  (54) 

53.06  (48) 

25.9)  (44) 

b 

b 

aPercent  of  total 

radioactivity  of  the  sample  attributable  to  parent  drug  is  shown 

in  parentheses. 
bSample  can  not  be  analyzed. 
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23  (U)  The  technical  objectives  includes  (1)  The  determination  of  biochemical  indices 
hat  reliably  predict  drug  intolerance  in  man.  (2)  The  evaluation  of  effects  of  para- 
ites  and  drugs  on  biochemical  mechanisms  as  indices  of  prophylaxis  and  treatment.  (3) 
he  gas  chromatographics-coupled  mass  spectrometric  analysis  of  drugs  and  drug  meta- 
olitcs.  (4)  Analytical  support  for  special  and  collaborative  projects.  The  prediction 
if  drug  intolerance,  the  effects  of  drugs  and  infection  on  biochemical  mechanisms  and 
the  understanding  of  drug  and  drug  metabolite  structure  are  revelant  to  the  Army's  ma¬ 
laria  and  tropical  disease  program. 

24  (U)  Tissues  and  fluids  from  aninals  will  be  analyzed  to  determine  metabolic  pro- 
tesses  affected  by  parasitic  diseases  and  therapeutic  and  prophylactic  drugs.  Meta- 
iolic  products,  enzymes,  isoenzymes,  nucleic  acids,  lipids  and  proteins  will  be  the 
irirury  focus.  Methods  will  be  developed  and  utilized  to  analyze  biological  specimens 
for  compounds  of  interest. 

!5  (U)  78  10-79  09  Studies  were  continued  on  the  effects  of  antimaiarials  on  meta¬ 
llic  and  physiological  processes  and  the  metabolic  pathways  in  parasites. 

)eamlnation  and  deribosylation  of  adenosine  was  found  to  occur  on  or  at  the 
.urfaee  of  the  limiting  menfcrane  of  “free"  malaria  parasites.  Method  was  developed 
or  the  determination  of  nucleic  acids  in  the  purine  salvage  pathway  of  malaria 
«rasites.  Chloroquine  absorption  and  clearance  in  perfused  pig  livers  was 
scertalncd.  Short  term  uptake  and  amino  acid  metabolism  in  promastlgotes  of 
.elshmnnla  braziliensis  panamenis  was  investigated.  The  analysis  of  drug  and  drug 
lotobolltcs  by  enss  spectrometry  was  continued.  This  task  was  terminated  due  to 
liange  in  priorties.  For  technical  report  see  WRAIR  Annual  Progess  Report 
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The  objective  of  this  unit  are  the  study  of  biochemical 
processes  in  malaria  and  other  parasitic  diseases,  the  biochemical 
effects  of  antimalarials,  the  biochemistry  of  host-parasite 
interactions  in  the  presence  and  absence  of  drugs,  and  to  define 
the  metabolic  processes  in  parasitemia  susceptible  to  drug  therapy. 
The  speciation  of  biomolecules  by  mass  spectrometry  are  reported. 


1.  The  uptake  of  purine  bases  and  nucleosides  by  normal  rat 
erythrocytes,  Plasmodium  berghei-inf ected  erythrocytes  and  saponin 
released  "free"  parasites. 

2.  The  determination  of  Hypoxanthine,  Xanthine  and  Uric  Acid 
in  the  purine  salvage  pathway  of  malaria  parasites. 

3.  First-pass  absorption  and  clearance  of  the  antimalarial 
drug,  Chloroquine,  by  perfused,  whole  pig  livers. 

4.  Lipid  metabolism  in  malaria:  the  identification  and 
quantitation  of  fatty  acids. 

5.  Biochemical  effects  of  Mefloquine  (WR142490)  on  thyroid 
function  in  the  rat. 

6.  Purine  uptake  in  promasigotes  of  Leishmania  braziliensis 
panaraensis. 

7.  Short  interval  metabolism  of  amino  acids  in  promastigotes 
of  Leishmania  braziliensis  panamensis. 

8.  Phthalate  plasticizers  in  biological  fluid. 

9.  Drug  metabolite  studies  by  mass  spectrometry. 


1 .  The  uptake  of  purine  bases  and  nucleosides  by  the  normal  rat 
erythrocytes  ,  Plasmodium  berghei-infected  erythrocyte  and 
saponin  released  "free"  parasites. 

Hansen  et  al.  (1979)  have  demonstrated  the  presence  of  2 
distinct  membrane  transport  loci  for  the  mediated  uptake  of  the 
purine  bases  adenine  and  hypoxanthine  and  the  purine  nucleosides 
adenosine  and  inosine  in  normal  erythrocytes,  Plasmodium  berghei 
infected  erythrocytes  and  saponin  released  "free  parasites". 

These  workers  reported  two  transport  loci  in  the  normal  erythrocyte, 
one  for  purine  bases  and  one  for  purine  nucleosides.  However, 
these  uptake  systems  appear  altered  upon  infection  of  the  erythrocyte 
and  in  the  saponin  released  "free"  parasite.  Adenosine,  inosine 
and  hypoxanthine  were  all  mutually  competitive  inhibitors  of  one 
another  suggesting  a  common  transport  locus  for  these  two  purine 
nucleosides  and  base.  However,  Manandhar  and  Van  Dyke  (1975)  have 
demonstrated  that  adenosine  may  be  metabolized  at  the  limiting 
membrane  of  the  "free"  parasite  to  inosine  and  then  to  hypoxanthine, 
a  pivotal  purine  for  transport.  If  such  a  mechanism  is  indeed 
operating,  the  observed  inhibitions. f  adenosine,  inosine  and  hypox¬ 
anthine  upon  each  other  may  be  due  more  to  metabolism  of  these 
substrates  than  actual  competition  for  the  proposed  transport 
loci.  To  verify  the  study  of  Manadhar  and  Van  Dyke  (1975)  and 
to  clarify  our  own  results,  the  uptake  of  ^H-adenosine  was 
measured  in  the  presence  of  increasing  concentrations  of  2-deoxy- 
coformycin,  a  powerful  adenosine  deaminase  inhibitor.  Following 
a  two  minute  incubation  period,  a  65%  decrease  in  the  uptake 
velocity  of  adenosine  was  demonstrated  at  a  maximal  inhibitor 
concentration  of  1 p g/ral  (Fig.  1).  In  addition,  aliquots  from 
the  post-incubation  medium  were  examined  chromatographically  to 
compare  the  distribution  of  the  ^H-label  from  added  adenosine 
in  the  presence  and  absence  of  2-deoxycoformycin.  In  the  presence 
of  this  inhibitor,  a  significantly  greater  percentage  of  the 
label  remained  associated  with  the  added  adenosine  (Table  1). 

This  suggested  that  the  deamination  of  adenosine  had  occurred. 

The  initial  metabolism  by  "free"  parasites  was  also  examined  by 
using  the  double  label  technique  of  Taube  and  Berlin  (1971). 
l^C-adenosine  labeled  only  in  the  base  moiety  and  ^H-adenosine 
labeled  70%  in  the  base  (8  position)  and  30%  in  the  ribose  moiety 
(5'position)  were  mixed  to  yield  a  final  ^H-DPM  ratio  of  10:1.  A 
cell  suspension  of  "free"  parasites  was  incubated  for  two  minutes 
with  this  mixture  (adjusted  to  a  final  adenosine  concentration  of 
0.01  mM).  If  the  adenosine  was  directly  transported  as  adenosine, 
the  -^H-DPM/  ^CDPM  ratio  should  remain  the  same.  On  the  other 
hand,  if  adenosine  was  deribosylated,the  ^H-DPM/^C-DPM  ratio  should 
decrease  due  to  the  loss  of  the  ribose  moiety  and  subsequent  uptake 
of  the  base.  Aliquots  of  the  post  incubation  medium  showed  a 
significant  decrease  in  the  ^h-dpm/^C-DPM  ratio  from  10:1  to  5:1. 
These  data  suggest  that  the  deamination  and  deribosylation  of 
adenosine  do  occur  at  or  on  the  surface  of  the  limiting  membrane  of 
the  "free"  parasites.  Caution  must  therefore  be  excercized  in 
suggesting  a  single  transport  locus  on  the  membrane  of  the  "free" 
parasite  for  adenosine,  inosine  and  hypoxanthine. 
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Fig  1.  The  velocity  of  0.01  mM  -^H-adenosine  uptake  (V,  Pmoles/g  protein/ 
2  min)  by  "free"  parasites  as  a  function  of  increasing 
concentrations  of  2-deoxycoformycin  (pg/ml).  Each  point 
is  the  mean  of  three  replicates  and  the  lines  were  fitted 
by  inspection. 


[i] 


Table  1.  The  distribution  of  radioactivity 
(%)  in  the  post  incubation  medium 
of  "free  parasites"  the  presence 
and  absence  of  2-deoxycoformycin. 


Adenosine 

% 

Hypoxanthine 

Z 

Iosine 

% 

Adenine 

% 

Inhibitor 

11 

51 

33 

5 

2-deoxyco- 

formycin 

62 

15 

18 

5 

The  cells  were  incubated  at  37  C  for  2  min  in 
the  presence  of  10  pCi  %-adenosine. 


2.  The  determination  of  hypoxanthine,  xanthine,  and  uric 
acid  in  the  pure  salvage  pathway  of  malaria  prasites. 

Numerous  methods  have  been  described  in  the  literature  for 
the  determination  of  uric  acid  in  biological  fluids,  however,  few 
procedures  are  available  which  can  readily  quantify  the  intermediate 
metabolites  of  the  purines  salvage  pathway  without  employing 
arduous  and  time  consuming  techniques.  Because  of  chemical 
structural  similarities  of  hypoxanthine,  xanthine,  and  uric  acid, 
interferences  between  two  or  more  of  these  compounds  have  been 
a  major  problem  in  the  past. 

Recent  studies  involving  the  use  of  high  performance  liquid 
chromatography  have  alleviated  may  of  these  difficulties.  Using 
these  refinements,  we  developed  a  simple  and  specific  method 
incorporating  the  use  of  reverse  phase  liquid  chromatography  and 
paired-ion  chromatography  for  separating  these  closely  related 
compounds.  The  method  is  capable  of  quantifying  these  oxypurines 
at  levels  as  low  as  5  nangrams  on  column.  Analysis  time  is  6 
minutes  per  sample.  No  pre-treatment  other  than  deproteinization 
of  sample  required.  Because  of  the  simplicity  of  the  method,  its 
application  may  directly  utilized  for  various  types  of  basic 
research  projects,  as  well  as  for  routine  clinical  determinations 
in  the  laboratory. 

Our  primary  interest  for  developing  a  method  for  quantifying 
the  oxypurines  was  to  establish  the  metabolic  profiles  of  these 
compounds  in  plasmodia  during  the  various  intro-erythrocytic 
stages  of  the  parasite.  The  method  is  simple  and  specific  for 
measuring  the  concentrations  of  hypoxantine,  xanthine  and  uric 
acid. 
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Nucleotides,  nucleosides  and  free  base  purines,  which  are 
present  in  our  samples  did  not  interfere  with  the  separation. 
Allopurinol,  an  analog  of  hypoxanthine,  was  also  separated  by 
the  method. 

3.  First-Pass  Absorption  and  Clearance  of  the  Antimalarial 
Drug,  Chloroquine,  by  Perfused,  Whole  Pig  Livers. 

Therapr'itic  regiments  of  chloroquine  (C),  an  antimalarial 
drug,  causes  its  concentration  in  blood  and  liver.  This,  in 
combination  with  slow  rates  of  metabolism  and  excretion,  emphasize 
the  importance  of  blood  and  liver  interactions  in  the  effectiveness 
of  C.  Interchange  of  C  between  these  two  tissues,  its  subsequent 
compartmental  distribution,  uptake,  clearance  and  metabolism  are 
dictated  by  the  three-dimensional  configuration  of  the  organ  and 
its  association  with  the  perfusing  blood  medium.  This  association 
was  investigated  through  determinations  of  C  first-pass  absorption 
by  the  liver,  venous  outflow  profiles,  rate  of  uptake,  metabolism 
and  compartmental  distributionn  in  isolated,  perfused  whole  pig 
livers.  As  described  by  Baker  et  al.  (Pesticide  Bichem.  Physiol., 
vol.  11,  1979),  surgically  removed  livers  were  placed  in  a  chamber 
and  perfused  with  recirculating  whole  blood,  during  which  time 
^Cr-labeled  red  blood  cells  (vascular  reference),  methylene 
blue  (extravascular  reference)  and  a  therapeutic  level  of  C 
(test  material  accessible  to  all  compartments)  were  added 
concomitantly  as  a  pulse  to  the  arterial  blood.  Venous  first- 
pass  out  flow  profiles  obtained  were  characterized  by  a  narrow 
and  high  ^lcr  peak,  a  broader  and  lower  methylene  blue  peak, 
followed  by  a  still  broader  and  lower  C  peak.  These  profiles 
are  consistent  with  current  hypotheses  of  hepatic  transfer  rates. 
Second-pass  peak  profiles  were  more  shallow  and  broader  than 
first-pass  profiles.  First-pass  absorption  of  C  by  the  liver 
was  due  to  red  blood  cell  uptake,  but  subsequent  transfer  of  C 
from  red  blood  cells  to  liver  occurred  to  a  small  extent  over  60 
min.  At  this  time,  C  was  concentrated  in  red  cells  >  liver  > 
plasma  >  bile  (42:11 :1 :<1).  No  metabolites  of  C  were  detected 
by  ultraviolet  spectrophotometry,  but  preliminary  studies  using 
HPLC  have  indicated  that  a  small  amount  of  metabolites  is  present. 
Throughout  the  test  period,  hematological  and  liver  function 
indices  were  monitored  and  maintained  at  normal  levels.  The 
behavior  of  C  in  the  presence  of  interacting  blood  and  liver 
consists  of  its  concentration  by  red  blood  cells  and  to  a  lesser 
extent  by  the  liver,  its  slow  metabolism  by  the  liver  (hindered 
by  the  low  metabolic  capacity  of  concentrating  red  blood  cells) 
and  its  limited  transfer  from  red  blood  cell  to  liver. 

4.  Lipid  Metabolism  in  Malaria:  the  identification  and 
quantitation  of  fatty  acids. 

Research  has  continued  on  the  identifation  and  quanitation 
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of  fatty  acid  by  gas  chromatography  in  the  plasma  and  erythrocytes 
of  normal  and  infected  (P.  berghei)  rats,  (WRAIR  Annual  Progress 
Report  *78).  The  results  are  shown  in  Table  2. 

In  the  plasma  of  non-infected  animals,  the  predominant  fatty 
acid  is  the  C^g,  with  C^g,  Cjg.j,  and  Cjg.2  next  most  prevalent. 

In  contrast,  the  plasma  from  infected  animals  showed  a  high 
concentration  of  C^g.^  followed  by  decreasing  amounts  of  Cjg, 

Cjg,  and  Cig;2«  With  the  exception  of  the  Cig;i,  the  fatty  acid 
levels  in  the  plasma  of  the  infected  animals  were  markedly  lower. 

The  C^g-i  peak  could  be  either  Oleic  acid  or  Cis-vaccinic  acid 
which  is  not  resolved  under  the  studied  conditions.  The  erythrocytes 
from  the  infected  animals  had  a  similar  pattern  of  fatty  acid 
distribution,  but  with  two  noticeable  exceptions:  (1)  the  Cjg 
was  higher  in  the  erthrocytes  of  the  infected  animals,  and  21  an 
unknown  compound  which  chromatographed  between  Cj4  and  Cjg  was 
considerably  higher  in  the  infected  animals.  Cig.3  was  found  in 
the  plasma  of  both  infected  and  non-infected  animals,  but  not  in 
the  erythrocytes. 


Table  2 

Fatty  Acids  Levels  (  pgm/ml)  in  Infected  and  non-infected 
Rats 

Non-infected  Infected 


Fatty  Acid* 

Plasma 

Erythrocytes 

Plasma 

Erythrocytes 

c14 

4.02 

3.99 

2.99 

3.36 

unk 

5.68 

_ 

14.28 

C16 

61.09 

23.95 

31.22 

36.58 

c16:l 

14.21 

- 

4.38 

2.20 

c18 

32.12 

20.15 

15.86 

22.51 

c18:l 

32.75 

12.12 

32.15 

14.18 

c18:2 

32.57 

11.85 

21.56 

5.05 

c20 

1.46 

8.71 

1.65 

3.98 

C1 8:3 

2,06 

_ 

1.43 

— 

c22 

2.18 

5.93 

— 

— 

c22:l 

— 

10.94 

— 

— 

C20.-4 

10.91 

6.39 

2.75 

3.48 

*  Number  of 

carbons  in 

chain,  and  number 

of  unsaturations. 
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5.  Biochemical  Effects  of  Mefloquine  (WR142490)  on  Thyroid  Func- 
tion  in  the  rat. 


Work  was  continued  on  the  effects  of  Mefloquine  on  serum 
thyroid  hormone  concentration.  All  experiments  were  carried  out 
in  male  Sprague  Dawley  rats.  Mefloquine  was  administered  orally 
in  doses  of  5,  25  and  125  mg/Kg  body  weight  in  35%  polypropylene 
glycol  in  water.  Previous  results  showed  that  Mefloquine  reduced 
serum  t4  and  T3  level  after  3  to  5  days  in  high  or  medium 
doses  (WRAIR  Annual  Progress  Report  1978).  The  present  study 
examined  the  short  term  effect  of  the  drug  on  serum  thyroid 
hormone  levels.  Three  to  24  hours  after  drug  administration  of 
low  and  medium  doses  there  was  a  marked  increase  in  both  T4  and 
T3  in  the  serum.  This  was  followed  in  the  medium  dose  by  a 
decrease  in  serum  T4  and  T3  after  24  hours.  The  high  dose 
suppressed  serum  TH  and  T3  as  previously  reported.  The  reverse 
13  level  in  the  serum  generally  paralleled  the  T3  levels. 

The  effects  of  drug  during  _P.  berghei  infection  are  being 
investigated. 

6.  Purine  Uptake  in  Promastigotes  of  Leishmania  braziliensis 
panamensis 


Promastigotes  of  most  species  of  Leishmania  are  apparently 
not  capable  of  de  novo  purine  synthesis.  Therefore  purines  and 
their  derivatives  must  be  supplied  from  the  host  to  the  parasite. 
Marr  and  Berens  (1978)  demonstrated  that  radiolabeled  formate, 
glycine  and  serine  were  not  incorporated  into  the  purine  ring. 

In  addition,  -^C-glucose  was  incorporated  into  both  purines  and 
pyrimidines  suggesting  no  de  novo  synthesis  but  an  active  salvage 
of  bases  for  nucleotide  synthesis.  Further,  Konigk  and  Rasoul 
(1978)  demonstrated  the  presence  of  the  purine  salvage  enzyme 
adenine  deaminase.  However,  Brazil  and  McCarthy  (1979)  reported 
that  promastigotes  of  Leishmania  mexicana  amazonensis  do  incorporate 
the  purine  precursor  glycine  but  that  the  pyrimidine  precursor 
orotic  acid  was  not  incorporated.  This  demonstrated  reliance  of 
most  proraastigote  species  upon  purine  salvage  pathways  for  the 
purine  ring  suggests  that  the  limiting  membrane  of  the  promastigote 
may  be  of  great  importance  in  regulating  the  absorption  of  these 
substrates  supplied  by  the  host.  The  purpose  of  the  present 
study  was  to  begin  the  characterization  of  the  purine  base  and 
nucleoside  transport  systems  in  iri  vito  cultured  promastigotes  of 
Leishmania  braziliensis  panamensis. 

The  absorptions  of  1  mM  ^H-adenosine  (Fig  2.),  ^H-hypoxanthine, 
^H-adenine  and  -^C-inosine  were  measured  as  a  function  of  time 
from  0  to  15  min.  Since  the  labeled  purine  uptake  for  2  min  was 
a  linear  function  of  time  for  all  substrates  tested,  under 
conditions  where  the  substrate  was  not  limiting  (i.e.,  1  mM) 
influx  should  also  be  linear  under  experimental  conditions  where 
the  substrate  is  limiting  (i.e.,  less  than  1  mM).  Therefore,  2 
min  incubations  used  throughout  our  study  should  provide  a  reliable 

estimation  of  initial  influx  velocities  for  these  substrates  in 


The  uptake  velocities  of  ^H-adenosine,  adenine,  hypoxanthine 
and  -^C-inosine  (where  V=nmoles  uptake/lO^*-*  parasites/2  min) 
were  measured  over  a  concentration  range  of  0.001  to  1  mM  for  2 
min  at  27  C  (Fig  3).  The  promastigotes  displayed  mixed  uptake 
kinetics  with  regard  to  these  substrates  with  large  diffusion 
components  at  high  substrate  concentrations  and  mediated  components 
at  lower  concentrations.  The  uptake  rates  of  the  purine  bases 
adenine  and  hypoxanthine  were  significantly  greater  than  the  uptake 
rates  of  the  purine  nucleosides  adenosine  and  inosine  at  all  substrate 
concentrations  tested.  Vmax  and  Kt  values  for  the  mediated 
uptake  of  these  4  substrates  were  determined  using  the  method  of 
Lineweaver/Burk  and  are  reported  in  Table  4. 


The  competitive  interactions  among  these  4  substrates 
absorbed  by  promastigotes  were  measured  (Fig  4).  The  uptake  of 
10  uM  -hl-hypoxanthine  was  significantly  inhibited  by  increasing 
concentrations  (0  to  1  mM)  of  the  unlabeled  purine  bases  adenine 
and  hypoxanthine.  However  in  the  presence  of  increasing 
concentrations  of  the  unlabelled  purine  nucleosides,  adenosine 
and  inosine,  inhibition  was  minimal  (i.e.,  less  than  20%). 

Similar  competitive  interactions  were  noted  with  ^H-adenosine,  ^H- 
adenine,  and  ^C-inosine  as  the  labeled  substrates  against 
increasing  concentrations  of  these  same  purine  bases  and 
nucleosides  as  inhibitors.  These  data  are  summarized  in  Table  5. 


The  competitive  or  noncompetitive  nature  of  these  inhibitions 
was  also  examined  (Fig  5).  When  the  reciprocol  of  the  velocity 
of  -^H-hypoxanthine  uptake  was  measured  as  a  function  of  the 
reciprocol  of  increasing  hypoxanthine  concentrations  in  the 
presence  of  1  mM  adenine,  adenosine,  inosine  and  no  inhibitor, 
the  slopes  of  the  plots  differed  while  the  Y  intercepts  did  not. 

The  data  suggest  that  these  substrates  act  as  competititive 
inhibitors  of  '’H-hypoxanthine  uptake.  In  addition,  Kt  values 
from  these  resulting  slopes  were  also  calculated  (Table  6).  The 
most  significant  change  in  Kt  occurred  when  adenine  was  present 
as  the  inhibitor,  increasing  some  33  fold  when  compared  to  the  Kt 
value  for  hypoxanthine  uptake  in  the  absence  of  the  inhibitor. 
Because  the  plot  of  1/V  vs  1/S  does  not  differentiate  partial 
from  complete  inhibition,  the  uptake  of  ^H-hypoxanthine,  as 
previously  shown,  was  measured  as  a  function  of  increasing 
concentrations  of  unlabelled  adenosine,  adenine  and  inosine. 

After  correcting  these  data  for  diffusion  and  plotting  according 
to  the  technique  of  Dixon  (1953)  straight  lines  resulted  indicating 
that  the  competition  is  completely  competitive  for  those  substrate 
tested.  In  this  case  the  reciprocol  of  the  velocity  of  hypoxanthine 
uptake  is  shown  as  a  function  of  increasing  adenine  concentration 
with  a  linear  relationship  demonstrated  (Fig.  6). 

In  summary,  these  purine  bases  and  nucleosides  taken  up  by 
Leishmania  braziliensis  panamensis  are  absorbed  by  a  combination 
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of  nediated  and  diffusion  systems.  In  addition  the  inhibitory 
interactions  amoung  substrates  are  most  likely  fully  competitive 
and  suggest  that  3  membrane  transport  loci  may  be  functioning  as 
represented  by  the  following  model  shown  in  Fig.  7.  Locus  1,  may 
bind  and  transport  inosine,  locus  2  transports  the  purine  bases 
adenine  and  hypoxanthine  while  locus  3  transports  adenosine  with 
hypoxanthine,  adenine  and  inosine  binding  nonproductively. 
(Collaborate  study  with  the  Dept  of  Parasitic  Diseases,  Div  of 
Expermental  Therapeutics.) 
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Fig.  2 


The  uptake  of  (nmoles/10^^  parasites)  1  mM 
%-adenosine  by  proraastigotes  of  Leishmania 
braziliensis  panamensis.  Each  point  is  the  mean 
of  3  replicates  and  the  lines  were  fitted  by 
inspection. 

Fig.  3.  The  velocity  (V,  nraoles/10^-^  parasites/2  min)  of 
%-adenosine  (  )  ^C-inosine  (  )  %-adenine 

(  )  and  %-hypoxan thine  (  )  uptake  as  a 

function  of  increasing  substrate  concentration 
(S,  nM).  Each  point  is  the  mean  of  three 
replicates  and  the  lines  were  fitted  by 
inspection. 

Fig.  4.  The  velocity  of  0.01  mM  ^H-hypoxanthine  uptake 
(V  as  in  Fig  2)  by  promastigotes  of  Leishmania 
braziliensis  panamensis  as  a  function  of  increasing 
concentrations  of  unlabeled  adenosine  (  )  inosine 

(  ),  adenine  (  )  and  hypoxanthine  (  )  as 

inhibitors  (I,  mM). 

Fig.  5.  The  reciprocal  of  the  velocity  (V  as  in  Fig  2)  of 
^H-hypoxan thine  uptake  by  promastigotes  of 
Leishmania  braziliensis  panamensis  as  a  function 
of  increasing  concentrations  of  hypoxanthine  in 
the  absence  of  inhibitor  (  )  and  in  the  presence 

of  1  mM  adenosine  (  ),  1  mM  inosine  (  )  and  1 
nil  adenine  (  ).  Each  point  is  the  mean  of 
three  replicates  and  the  lines  were  fitted  by 
inspection. 

Fig.  6.  The  reciprocal  of  the  velocity  of  uptake  (V  as 

in  Fig.  2)  of  0.01  nM  %-hypoxanthine  by  promast¬ 
igotes  of  Leishmania  braziliensis  panamensis  as 
a  function  of  increasing  concentrations  of  adenine 
as  an  inhibitor  (1,  mM).  Each  point  is  the  mean 
of  three  replicates  and  the  lines  were  fitted  by 
inspection. 


Fig.  7.  A  model  for  the  transport  of  purine  bases  and 
nucleosides  by  promastigotes  of  Leishnania 
braziliensis  panamensis  (AD,  adenine;  ADO,  adenosine 
HYPO,  hypoxanthine;  IN,  inosine;  N.P.,  nonproductive 
binding). 
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TABLE  3 


DISTRIBUTION  OF  RADIOACTIVITY  (%)  IN  THE 
POST-INCUBATION  MEDIUM  OF  PROMASTIGOTES  OF 
LEISHMANINA  BRAZILIENSIS  PANAMENSIS 


COLD 

SUBSTRATE 

LABELED  SUBSTRATE 

ADENOSINE  HYPOXANTHINE 

INOSINE 

ADENINE 

ADENOSINE 

86  4 

3 

1 

HYPOXANTHINE  4  89 

5 

2 

INOSINE 

2  3 

85 

2 

ADENINE 

12  1 

1 

92 

ALL  CELLS  WERE  INCUBATED  AT  27C  FOR  2  MIN 
10  uci  OF  LABELED  SUBSTRATE.  THE  NUMBERS 
OF  THE  TOTAL  RADIOACTIVITY  RECOVERED. 

IN  THE  PRESENCE  OF 
REFER  TO  THE  PERCENT 

TABLE  4 

VALUES  OF  Kt  (mM)  and  V  (NMOLE/ 1010 

PARAS ITES/2M IN)  FOR  THE  UPTAKE  OF  LABELED 

PURINE  BASES  AND  NUCLEOSIDES  (AS  DETERMINED 

BY  LINEWEAVER  AND  BURK,  1934)  BY  PROMASTIGOTES 

OF  LEISHMANIA  BRAZILIENSIS  PANAMENSIS. 

SUBSTRATE 

Kt 

V 

vmax 

ADENOSINE 

0.006 

1.0 

HYPOXANTHINE  0.003 

1.53 

INOSINE 

0.008 

0.45 

ADENINE 

0.011 

0.5 
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THE  NUMBERS  REPRESENTS  THE  %  INHIBITIONS  OF  THE  MEDIATED  UPTAKE  COMPONENT 
WITH  RESPECT  TO  THE  ABSENCE  OF  THE  INHIBITORY  PURINE  BASE  OR  NUCLEOSIDE. 


TABLE  6 


VALUES  OF  K  (mM)  AND  V  NMOLE/ 1010 
PARAS ITES/2MIN  FOR  THE  UPTAKE  3H-HYPOXANTHINE 


IN  THE 

ABSENCE  AND  PRESENCE  OF  ImM 

SUBSTRATE 

SUBSTRATE  (ImM) 

Kt 

^max 

NO  INHIBITOR 

0.003 

1.50 

ADENOSINE 

0.005 

1.50 

IN0SJ.NE 

0.007 

1.50 

ADENINE 

0.100 

1.50 

7.  Short  Interval  metabolism  of  Amino  Acids  in 

promastigotes  of 

Leishmania  brazlliensis  panamensis 


There  is  relatively  little  information  with  regard  to  the 
uptake  and  utilization  of  amino  acids  by  promastigote  and  amastigote 
forms  of  the  species  Leishmania.  Using  Rc-  labeled  substrates 
and  thin  layer  chromatography,  Wagner  and  Krassner  (1976) 
demonstrated  that  arginine  and  onithine  were  precursors  of 
proline  synthesis  in  in  vitro  cultures  of  L.  Tarentolae  promastigotes. 
Law  and  Mukkada  (1979)  also  demonstrated  that  the  same  organism 
also  actively  transported  proline,  against  a  concentration 
gradient.  Further,  Caraargo  _et  al.  (1978)  examined  the  enzymes  of 
ornithine-arginine  metabolism  of  Leishmania  and  reported  the 
presence  of  arginase.  Numerous  nutritioned  studies  have  also 
demonstrated  the  amino  acid  requirements  of  Leishmania.  Steiger 
and  Meshnick  (1977)  measured  quantitative  changes  of  amino  acid 
pools  in  the  external  medium  of  jLn  vitro  cultures  of  Leishmania 
and  found  significant  decreases  in  the  pools  of  13  amino  acids 
and  the  excretion  of  3  others  after  4  days.  The  purpose  of  the 
present  study  was  to  examine  the  short  interval  metabolism  of  Re¬ 
labeled  amino  acids  in  the  promastigote  forms  of  Leishmania 
brazlliensis  panamensls. 

Promastigotes  from  _in  vitro  cultures  were  harvested  after 
a  6  day  incubation  at  27  C.  The  cells  were  washed  and  placed  in 
a  Krebs  Ringers  Tris  Maleate  buffer  (5  mM  glucose)  with  the  ' 
following  Rc-substrates :  alanine,  glutamate,  aspartate,  glutamine, 
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glucose,  proline,  arginine,  ornithine,  leucine  and  glycine. 

Following  a  10  minute  incubation  the  cells  were  washed  of  exogenous 
radioactivity  and  extracted  in  70%  ethanol  overnight.  The  ethanol 
extracts  were  then  centrifuged,  the  supernatant  removed  and  the 
pellets  hydrolyzed  in  6  N  HC1  overnight.  Aliquots  from  the 
protein  hydrolysates  were  analyzed  for  total  radioactivity  by 
scintillation  spectrometry.  The  ethanol  extracts  were  treated 
in  two  ways:  (1)  0.1  ml  aliquots  were  analyzed  to  determine 
total  radioactivity  from  each  sample.  (2)  1.9  ml  aliquots  were 
analyzed  for  amino  acid  content  using  a  Technicon  automatic 
analysis  system.  Aliquots  coming  off  the  ion-exchange  column 
were  collected  every  3  minutes  and  analyzed  for  radioactivity. 
Radioactive  peaks  were  identified  by  comparing  them  to  retention 
times  of  labeled  standards  run  previously. 

The  %  distribution  of  from  ethanol  extracts  of  those 
substrates  tested  and  the  precent  of  the  total  label  recovered 
in  the  amino  acid  fraction  from  the  ethanol  extracts  are  reported 
in  Tables  7  and  8.  Some  label  was  found  in  the  protein  hydroly¬ 
sates. 

When  promastigotes  were  incubated  10  min  in  the  presence 
of  l^C-labeled  glutamate,  aspartate,  glutamine  and  glucose,  > 

20%  of  l^C-label  from  the  ethanol  extracts  was  recovered  as 
alanine  (>  50%  of  the  ^C-label  of  glucose  and  aspartate  were 
recovered  as  alanine).  The  data  suggested  that  when  the  energy 
needs  of  the  cells  are  met  (in  5  mM  glucose)  the  alanine  free 
pool  increased  and  may  be  utilized  as  an  energy  store.  The 
promastigotes  were  also  analyzed  for  the  presence  of  glutmate- 
pyruvate  transaminase,  a  key  enzyme  for  the  conversion  of  glutamate 
and  pyruvate  to  alanine.  The  products  of  the  reversal  of  this 
reaction  (glutamate  an'  pyruvate)  *-e  both  actively  incorporated 
into  the  TCA  cycle  with  an  ultimate  production  of  energy.  Relatively 
high  levels  of  both  glutamate-pyruvate  transaminase  and  glutamic 
-oxalacetic  transaminase  were  found  in  promastigotes  of  _L. 
braziliensis  (Table  9). 

When  promastigotes  were  incubated  in  the  presence  of  ^C- 
arginine  and  -^C-ornithine,  >  60%  the  label  was  found  in  proline 
(Table  8).  Camargo  et.  al.  (1978)  have  demonstrated  the  presence 
of  arginase  in  L.  braziliensis  and  would  explain  the  presence  of 
label  from  arginine  appearing  in  ornithine.  Presumably 
proline  is  then  synthesized  from  ornithine  from  the  ornithine 
free  pool. 

Leucine  and  glycine  remained  largely  unmetabolized  during 
the  short  interval  incubation  (Table  8).  A  listing  of  proline 
and  alanine  precursors  are  presented  in  Table  10. 

(Collaborative  study  with  Dept,  of  Parasitic  Diseases,  Div. 
Expermental  Therapeutics). 
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Table  7  %  Distribution  of  in  L,  braziliensis  amino  acids 
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fraction  of 
the  ethanol 


Table  8  .  %  distribution  of  in  L.  braziliensis  amino  acids 

following  10  min  incubations  in  ^C— substrates. 

14^  substrates  (10  pci) 
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label  in  amino  acid 
fraction  of  the 
ethanol  extracts 
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Table®.  Activities  of  Glutamic-Oxalacetic  and  Glutamate- 

Pyruvic  transaminase  in  promastigotes  of  L^.  braziliensis. 


Enzyme 


International  Units/1  (25°c) 


Promastigote 

Human  serum 

Glutamic-Oxalacetic 

30.24 

5-14 

Transaminase 

Glutamic-Pyruvic 

28.32 

10-17 

Transaminase 

Table  10  The  formation  of  alanine  and  proline  by 
promastigotes  of  L.  braziliensis^  from 
labeled  precursors. 


Proline  precursors 


alanine  precursors 


L-[^C]  Ornithine 
L-[^C]  Arginine 


L-[1^C]  Glutamte 
L-[^C]  Aspartate 
L-[1^C]  Glutamine 
L-[^C]  Glucose 
*L-[1^C]  Leucine 


t  The  cells  were  incubated  at  27  C  for  10  min  in  KRT  buffer 
with  5nM  Glucose 

*  Trace  levels 


1786 


8.  Phthalate  plasticizers  in  biological  fluids. 


Plasma  specimens  from  patients  on  kidney  dialysis  were 
analyzed  for  diethyl-hexyl  phthalate  (DEHP).  Samples  taken 
before  dialysis  and  one,  two  and  three  hours  after  dialysis  had 
commenced  were  extracted  for  phthalates.  the  extracts  were 
chromatographed  and  quantified  by  gas  chromathography  to  determine 
the  increase  in  DEHP  leached  from  polyvinyl  chloride  (PVC)  tubing 
used  in  the  dialysis  procedure.  Since  phthalates  were  found  to 
be  present  in  the  solvents  employed  in  the  extractions,  prior 
distillation  of  these  solvents  was  necessary,  although  it  served 
only  to  reduce  the  amount  of  DEHP  rather  than  eliminate  it 
completely.  Hence,  the  slight  increase  of  DEHP  in  plasma  for  a 
dialysis  period  of  three  hours  was  of  no  significance,  because 
the  actual  concentration  of  DEHP  for  this  same  period  did  not 
exceed  that  of  the  reagent  blank  within  the  limits  of  variation 
for  the  procedure.  While  the  increase  in  phthalate  was  consistent, 
no  significance  could  be  derived  as  the  actual  amount  was  too 
low  to  be  of  any  consequence.  No  toxicity  was  manifested  by  the 
patients.  Under  these  circumstances  which  involved  very  low 
concentrations,  this  was  to  be  expected,  since  DEHP  has  comparat¬ 
ively  low  toxicity,  and  none  of  the  more  toxic  analogues  were 
detected  during  the  course  of  analyses  for  metabolites.  These 
results  are  similar  to  data  reported  by  Vessman  and  Rietz  (11) 
who  concluded  that  only  large  volumes  of  blood  stored  in  polyvinyl 
chloride  containers  and  subsequently  administered  to  patients 
could  pose  a  risk  of  loading  the  individual  with  phthalate. 

Protein  fractions,  other  than  lipoprotein,  bind  very  little  of 
the  phthalate  and  hence  the  phthalates  are  considered  to  be  no 
phthalate  leached  from  PVC  tubing  during  periods  of  dialysis 
does  not  increase  the  possibility  of  toxic  reactions. 

This  work  satisfies  the  existing  protocol,  and  no  further 
experiments  have  been  planned.  Unless  or  until  a  new  protocol 
is  submitted  by  our  collaborator,  Dr.  Everett  K.  Spees,  Jr.,  the 
task  is  considered  completed. 

9.  Drug  metabolite  studies  by  mass  spectrometry. 

Efforts  to  develop  simple,  routine  methodology  for  terbuta- 
line  and  metaproterenol  have  had  very  little  success.  Applications 
of  high  performance  liquid  chromatography  (HPLC)  for  this  purpose 
have  been  quite  disappointing.  The  difficulty  lies  mainly  in 
the  preponderance  of  lipid  material  extracted  with  the  extremely 
small  quantity  (1  to  10  ng.)  of  unchanged  drug.  No  matter  how 
sensitive  the  equipment  can  be  made  to  respond  to  terbutaline  or 
metaproterenol,  the  drugs  are  masked  by  the  lipid  substances  to 
the  extent  that  all  indication  of  terbutaline  or  metaproterenol 
are  obliterated. 
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While  chemical  ionization  mass  spectrometry  has  produced  the 
only  reliable  data  thus  far,  the  procedure  is  cumbersome  in 
that  considerable  time  and  skill  are  required  to  tune  the 
instrument  to  the  degree  of  peak  performance  necessary  for 
optimum  sensitivity.  Therefore,  it  will  not  serve  the  needs  of 
the  clinical  laboratory  as  a  routine  procedure.  Nevertheless, 
sensitivity  is  excellent  (1  to  3  ng.)  and  the  specificity  that 
can  be  attained  by  the  gas  chromatographmass  spectrometer  will 
enable  the  project  pharmacological  studies  to  proceed  as  intended. 

Since  most  published  data  on  terbutaline  have  been  obtained 
from  labeled  radio-isotope  studies,  no  definite  information  is 
available  as  to  the  exact  nature  and  quantity  of  metabolites. 

Contrary  to  some  reports  of  a  sulfate  metabolite  in  the  blood,  we 
have,  as  yet,  been  unable  to  confirm  such  a  compound,  except  in 
the  urine.  Only  unchanged  terbutaline  or  metaproterenol  have 
been  found  in  the  bloods  analyzed  in  our  laboratory  after 
administration  of  therapeutic  doses  of  these  drugs.  However, 
some  preliminary  data  on  samplings  of  urine  after  a  20  mg.  dose 
of  metaproterenol  indicate  that  no  conjugation  is  evident  in  the 
early  phase  of  drug  absorption.  Measurable  amounts  of  the 
unchanged  metaproterenol  are  excreted  intact  in  the  urine  in  lieu 
of  any  conjugated  drug.  Eventually,  conjugation  of  the  drug  must 
take  place  because  asthma  patients  maintained  on  metaproterenol 
do  have  significant  concentrations  of  the  conjugated  drug  in 
their  urine. 

A  series  of  experiments  are  planned  that  will  determine  the 
dose  response  and  derive  some  data  on  the  metabolism  and  distribution 
of  metaproterenol  and  terbutaline.  Since  many  astham  patiens  are 
maintained  on  theophylline  as  well  as  metaproterenol,  some  of  the 
study  will  focus  on  the  possibility  of  drug  interaction  and/or 
potentiation. 

Although  a  vialble  procedure  for  terbutaline  and  metaproterenol 
analysis  was  required  to  study  the  pharmacokinetics  of  these  compounds  in 
the  treatment  of  asthma,  the  effort  was  motivated  by  the  desire  to  extend 
such  a  procedure  to  the  determination  of  related  catecholamines.  This 
would  open  new  possibilities  for  the  study  of  nerve  response  mechanisms 
in  conjunction  with  chemical  warfare  agents.  Lhuguenot  and  Maume  (12) 
have  reported  a  similar  application  to  the  analysis  of  catecholamines  in 
rat  adrenal  glands.  Their  procedure  is  essentially  the  same  as  our 
method,  and  the  sensitivities  are  comparable. 
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23.  (U)  To  determine  the  effect  of  conventional  and  experimental  antimalarials  in  the 
treatment,  prophylaxis,  and  transmission  of  drug-resistant  falciparum  malaria.  To  de¬ 
fine  vector  species  and  bionomics  which  influence  the  transmission  of  malaria  and  to 
develop  rationales  for  vector  control.  To  characterize  the  cellular  immune  response  of 
patients  infected  with  malaria.  To  establish  strains  of  human  plasmodia  in  continuous 
in-vitro  culture.  To  evaluate  candidate  antimalarial  drugs  against  simian  malaria. 

24.  (U)  Army  investigational  antimalarial  drugs  are  compared  with  standard  drugs  in 
treatment  of  drug  resistant  falciparum  malaria  in  hospitalized  human  volunteers.  Lympho 
cytes  from  malaria- infected  patients  are  isolated  and  their  response  to  malarial  anti¬ 
gens  characterized.  Chemotherapeutic  drugs  are  studied  in  rhesus  monkeys  with  p. 
cynomolei. 

2o.  (Uj  78  10  -  79  09  Mefloquine  treatment  of  falciparum  malaria  continued  to  result  in 
radical  cure  of  all  patients  studied.  Mefloquine  also  cured  acute  attacks  of  vivax  mala 
ria,  although  it  was  not  sporonticidal  against  either  infection.  Characterization  of 
the  response  of  lymphocytes  for  malaria-infected  patients  ^to  non  specific  mitogen  and 
malaria  antigen  continued.  Isolation  of  malarial  antigen,  starting  with  a  technique  for 
production  of  erythrocyte-free  intact  parasites,  was  in  progress.  Specific  cell  immune 
functions  are  altered  in  humans  naturally  infected  with  malaria  and  work  to  determine 
the  interactions  of  lymphocytes,  serum  factors  and  parasite  antigen  during  malaria 
infection  is  continuing.  The  rhesus  monkey  -  P.  cynoraolgi  system  was  used  to  test  32 
drugs  for  radical  curative  effects.  Phase  II  of  final  definitive  testing  of  WR  22S448 
was  completed.  Preliminary  studies  on  the  possible  use  of  the  cynomolgus  monkey 
(Macaca  fasicularis)as  an  animal  model  in  the  malaria  drug  development  project  were 
initiated.  For  technical  report  see  Walter  Reed  Army  Institute  of  Research  Annual 
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1.  Treatment  of  the  Acute  Attack  of  Malaria  Caused  by- 
Plasmodium  falciparum:  A  Comparison  of  Mefloquine 
with  Standard  Therapy 

OBJECTIVE :  To  determine  the  effect  of  several  therapeutic  regimens 
upon  sexual  and  asexual  parasitemia  with  P_.  falciparum  in 
naturally  infected  humans. 

BACKGROUND :  Falciparum  malaria  in  Thailand  is  now  considered, 
for  all  practical  purposes,  resistant  to  chloroquine.  As  a 
result,  treatment  is  either  with  quinine  and/or  a  combination  of 
Sulfadoxine-Pyrimethamine  (Fansidar) .  Other  treatment  regimens 
using  combinations  of  tetracycline,  quinine  and/or  sulfamethoxazole- 
trimethoprim  are  occasionally  employed,  but  are  inferior  in 
clearing  parasites. 

Quinine  continues  to  be  the  standard  drug  given  for  P_.  falciparum; 
its  efficacy  is  well  known.  A  few  scattered  reports  of  slow 
response  to  quinine  do  continue  to  cause  concern  (1).  Fansidar' s 
efficacy  in  falciparum  malaria  has  been  proven,  with  radical  cure 
rates  ranging  from  80-90%  (2) .  Apparently  there  is  little 
difference  in  cure  rates  between  two  or  three  tablet  dose  regimens 
in  infected  adult  Thais.  Mefloquine  hydrochloride,  developed 
by  the  US  Army  Antimalarial  Drug  Development  Program,  has  been 
shown  to  be  94%  curative  in  a  single  oral  dose  (3). 

METHODS :  This  study  is  being  carried  out  as  a  companion  effort 
to  that  dealing  with  the  treatment  of  acute  vivax  malaria,  the 
results  of  which  are  reported  elsewhere  in  this  Annual  Report. 

The  conditions  and  methods  of  patient  selection  and  laboratory 
studies  are  described  in  that  report.  Patients  were  randomly 
assigned  to  one  of  the  following  oral  therapeutic  regimens; 

1.  Mefloquine  hydrochloride,  single  dose  1,500  mg. 

2.  Fansidar,  single:  a)  two  tablets,  b)  three  tablets. 

3.  Quinine,  650  mg.  every  8  hrs.  for  7  days 

4.  Quinine,  650  mg.  every  8  hrs.  for  7  days  plus  primaquine, 

15  mg.  for  5  days. 

Patients  were  normally  retained  in  the  hospital  until  clearance 
of  parasitemia  and  clinical  symptoms.  They  were  followed  weekly 
for  28  days,  and  at  their  final  visit,  they  were  given  primaquine 
15  mg.  daily  for  14  days. 
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Treatment  results  were  evaluated  according  to  WHO  criteria 
originally  conceived  to  evaluate  chloroquine  resistance  and  are 
described  in  an  accompanying  report. 

RESULTS:  One  hundred  and  nine  patients  have  been  studied  to  date. 

It  is  apparent  from  Table  1  that  Mefloquine  is  at  least  as  good 
as  quinine  alone  and  quinine  with  primaquine  when  comparing 
fever  clearance  times  and  parasite  clearance  times.  These  data 
suggest  however,  that  Fansidar  in  the  two  tablet  dose  is  slower 
than  the  other  modes  of  therapy  in  clearing  fever. 

In  Table  1,  treatment  failures  are  defined  as  failure  to  clear 
parasites  in  seven  days  and  to  remain  clear  for  28  days.  In  this 
regard,  there  were  no  treatment  failures  with  Mefloquine  but 
Fansidar  in  both  doses  and  quinine  with  and  without  primaquine 
showed  a  total  of  7  treatment  failures.  The  resistance  patterns 
were  equally  divided  between  RI  and  RII  types  (Table  2). 

Parasitemia  detected  before  day  28  may  have  been  due  to  reinfection 
rather  thin  recrudescence  as  some  of  these  patients  returned  to 
malarious  regions. 

Of  the  commercially  available  drugs,  quinine  continues  to  be  the 
drug  of  choice  for  the  treatment  of  moderate  to  severe  falciparum 
malaria.  The  results  reported  here,  show  Fansidar,  in  either  the 
2  or  3  tablet  dose,  to  be  less  effective  but  still  an  acceptable 
form  of  treatment.  Previous  reports  have  shown  that  a  combination 
of  3  days  of  quinine  followed  by  a  single  3  tablet  dose  of  Fansidar, 
to  be  96%  curative  (3) .  Mefloquine  continues  to  be  the  most 
effective  mode  of  treatment  in  experimental  studies  when  treating 
patients  with  mild  to  moderate  malaria  who  do  not  require  parenteral 
medication. 

Routine  hematological  and  biochemical  parameters  have  not  reflected 
any  ill  effects  of  the  different  modes  of  therapy.  We  have  seen  no 
new  side  effects  of  mefloquine. 

The  effects  of  the  therapy  regimens  on  the  sexual  parasitemias  will 
be  addressed  elsewhere  in  this  Annual  Report. 
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of  patients  shown  in  parenthesis,  yaried  because  some  records  were  incomplete. 
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2 .  Treatment  of  the^  Acute  Attack  of  Malaria  Caused  by 
Plasmodium  vivax;  A  Comparison  of  Mefloquine'  with 
Standard  Therapy 

OBJECTIVE:  To  determine  the  effect  of  several  therapeutic 
regimens  upon  sexual  and  asexual  parasitemia  with  P_.  vivax  in 
naturally  infected  humans. 

BACKGROUND :  Vivax  malaria  appears  to  be  on  the  increase  in 
Thailand.  Standard  therapy  of  P_.  vivax  infections  in  Thailand 
consists  of  1500  mg  of  chloroquine  administered  over  the  course 
of  three  days.  Other  therapy  includes  a  combination  of 
Sulfadoxine  and  Pyrimethamine  (Fansidar).  Fansidar  is  being  used 
in  increasing  amounts  for  the  therapy  of  vivax  and  falciparum 
infections  in  hospitals,  clinics,  and  as  self-treatment. 

The  new  antimalarial,  Mefloquine  hydrochloride,  has  been  shown 
to  be  useful  in  the  therapy  of  the  acute  attack  of  vivax  malaria 
(4).  It  is  also  useful  in  P.  falciparum  infections  (2). 

Primaquine  is  gametocytocidai  against  the  sexual  forms  of  both 
IP.  vivax  and  P_.  falciparum  in  very  small  doses. 

METHODS :  This  study  has  been  carried  out  in  two  malaria  -  endemic 
areas  in  Thailand.  The  project  was  initiated  at  the  Phrabuddabat 
Hospital,  in  Saraburi  Province  and  later  moved  to  the  Phraya 
Paholpolpayuhasena  Hospital,  the  Kanchanaburi  Provincial  Hospital. 
Most  recently,  the  study  has  moved  back  to  the  Phrabuddabat 
Hospital.  Patients  were  admitted  from  either  the  out-patient 
department  of  the  hospital  or  the  National  Malaria  Eradication 
Project  detection  center.  Admission  criteria  of  study  subjects 
were: 

1.  Males  at  least  18  years  of  age. 

2.  Willingness  to  volunteer  for  hospitalization  and  follow-up. 
The  procedure  was  carefully  explained  to  the  patient,  and  he  was 
asked  to  sign  a  statement  of  understanding  and  agreement. 

3.  Uncomplicated  disease  of  mild  to  moderate  severity. 

4.  Asexual  parasite  count  between  1,000  and  100,000/cu.mm. 

5.  Initially,  gametocytes  had  to  be  present  on  the  initial 
thick  film;  however,  this  requirement  was  dropped  during  the  study. 
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Patients  were  randomly  assigned  to  one  of  the  following  therapeutic 
regimens,  all  of  which  were  given  orally: 

1.  Melfloquine  hydrochloride,  single  dose,  1,500  mg. 

2.  Fansidar,  single  dose:  a)  two  tablets,  b)  three  tablets. 

3.  Chloroquine  1,500  mg.  total  dose  given  over  three  days. 

4.  Chloroquine  1,500  mg.  as  above  plus  primaquine  15  mg.  daily 
for  five  days. 

5.  Pyrimethamine  in  dosages  ranging  between  50  and  150  mg. 
Patients  were  normally  retained  in  the  hospital  until  clearance  of 
parasitemia  and  clinical  symptoms.  They  were  followed  weekly  for 

28  days,  and  at  their  final  visit,  they  were  given  primaquine  15  mg. 
daily  for  14  days. 

Treatment  results  were  evaluated  according  to  the  WHO  criteria 
originally  conceived  to  evaluate  chloroquine  resistance:  "S" 
indicated  clearance  of  asexual  parasitemia  and  maintenance  of  a 
negative  blood  film  for  28  days  after  therapy.  "RI"  refers  to 
initial  clearance  of  parasitemia  followed  by  recrudescence  within 
28  days  after  treatment,  "RII"  indicates  initial  reduction  in  the 
level  of  parasitemia,  but  failure  to  clear  in  seven  days.  "RIII" 
indicates  no  reduction  in  parasitemia  following  treatment. 

RESULTS:  One  hundred  and  five  patients  have  been  studied  to  date,Table 
No  new  patients  were  added  to  the  pyrimethamine  group.  In  the  five 
comparable  groups,  the  results  are  unchanged  from  those  previously 
reported  (6) .  The  fever  and  parasite  clearance  times  for  all  groups 
except  Fansidar  2  tablets,  were  similar.  The  Fansidar  2  tablet 
group  had  significantly  prolonged  fever  clearance  times.  We  again 
conclude  that  Fansidar  is  ineffective  treatment  for  vivax  malaria 
and  as  such,  will  not  be  used  for  the  treatment  of  vivax  malaria  in 
further  studies.  Mefloquine  continues  to  be  very  effective  in  the 
elimination  of  parasites  and  fever. 

The  routine  hematologic  and  biochemical  parameters  showed  no 
significant  difference  between  the  various  treatment  groups. 

There  were  no  reported  treatment  failures  in  the  Mefloquine  or  in 
either  chloroquine  group.  However,  in  the  Fansidar  2  and  3  tablet 
groups,  treatment  failures  were  noted  and  found  to  be  of  the  RI  and 
RII  types  (Table  4). 


The  emulated  cure  rate  of  90%  for  Fansidar,  (3  tablets)  is 

&&"*■  ^  ~ 

K  &2  5SKM  2"v22*^Srj^r“ the 

appear,  to  be  equally  effective;  S  *2  is  „  tT” 

available  coroaercially.  Fansidar  should  not  be  uL  in  vi™ 
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Table  3  Thurapy  of  the  Acute  Attack  of  Vivax  Malaria 
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Patients  without  fever  were  not  included  in  computation  of  mean  fever  clearance  time 


3.  In  Vitro  Evaluation  of  Antimalarial  Drugs  Against 
P.  falciparum:  A  Micro  Technique 

OBJECTIVE:  To  monitor  chloroquine  sensitivity  of  strains  of 
P.  falciparum.  To  evaluate  the  described  "micro"  technique  of 
Rieckman  (6). 

BACKGROUND :  The  Department  of  Medicine  has  monitored  the  in  vitro 
susceptibility  of  P.  falciparum  to  chloroquine  in  areas  wKere  in 
vivo  drug  testing  Fas  been  done. 

METHODS :  The  techniques  used  are  unchanged  to  those  used  and 
reported  in  the  last  Annual  Report  (5) . 

RESULTS:  During  the  period  November  1978  to  July  1979,  for 
logistical  and  technical  reasons,  no  new  data  were  collected. 
Results  to  date  are  in  the  AFRIMS  Annual  Report  1977-1978  (5). 
Since  establishment  of  the  field  study  site  in  Phrabuddabat 
Hospital,  work  on  in  vitro  drug  testing  has  been  restarted. 
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4.  Investigation  of  Possible  Quinine  and  Fansidar 

Resistant  Cases  of  Falciparum  Malaria  in  a  Refugee  Camp 

OBJECTIVE:  To  investigate  the  reported  occurrence  of  R^  Quinine 
and'  Fansidar  resistant  cases  of  P_.  falciparum  malaria  in  a 
Cambodian  Refugee  Camp. 

BACKGROUND :  During  the  late  rainy  season  of  1978,  it  was  the 
impress ion  of  the  resident  physician  at  the  Aranyapratet  Refugee 
Camp  (and  was  agreed  to  by  physicians  at  other  refugee  camps) 
that  R^  level  Quinine  and  Fansidar  (sulfadoxine  500  mg  and  pyri¬ 
methamine  25  mg)  resistant  cases  of  falciparum  malaria  were 
occurring  among  his  patients. 

Usual  therapy  for  malaria  at  the  Camp,  regardless  of  type, 
consisted  of  three  tablets  of  Fansidar  and  oral  quinine  to  be 
taken  for  six  days.  If  oral  medication  could  not  be  tolerated, 
intramuscular  Fansidar  and  intravenous  quinine 
such  time  as  oral  medication  could  be  substituted7.  Both  oral 
and  parenteral  therapy  regimens  have  been  shown  to  be  effective, 
although  parenteral  administration  is  perhaps  slightly  less 
satisfactory  than  the  oral  regimen  8> 

The  Camp  maintained  a  prophylaxis  program  consisting  of  either 
three  tablets  of  Fansidar  given  at  one  time  at  monthly  intervals 
or  one  tablet  every  week  for  especially  vulnerable  personnel 
(approximately  300) .  These  regimens  have  been  shown  to  be  over 
85%  effective  in  well-controlled  trials  10,11. 

METHODS :  Records  on  those  patients  seen  prior  to  arrival  of  the 
AFRIMS  team  who  had  been  treated  with  the  above  regimens  and 
subsequently  developed  a  positive  malaria  smear  within  one  month 
were  reviewed  ("old  patients"). 

Malaria  slides  were  prepared  on  all  new  cases  of  possible  malaria 
during  a  two  week  period  using  Giemsa  stain  (a  total  of  89  cases) 
and  the  corresponding  Fields'  stain  slides,  prepared  by  the  Camp's 
technicians,  were  examined  in  71  of  these  cases  ("new  patients"). 

In  addition,  slides  of  ten  old  patient  cases,  read  as  positive 
for  malaria  by  the  Camp  technicians  were  examined.  All  slides 
were  read  independently  by  three  experienced  technicians  in  the 
Department  of  Epidemiology,  AFRIMS.  An  examination  for  30  minutes 
was  required  before  a  slide  was  declared  negative.  In  the  event  of 
disagreement  between  the  readers  (2  cases)  the  slide  was  examined 
by  the  Chief,  Department  of  Epidemiology. 
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RESULTS :  Thirteen  old  patient  cases  were  studied.  These  had 
occurred  over  the  previous  four  months;  Fansidar  and/or  quinine 
achieved  less  than  optimal  results  in  all  of  them.  During  July 
through  October  1978,  563  cases  of  malaria  were  diagnosed  at  the 
Camp  (89.7%  P.  falciparum)  with  the  vast  majority  (at  least  90%) 
receiving  oral  therapy  on  an  outpatient  basis,  but  specific 
quantitation  of  numbers  of  patients  receiving  oral  or  parenteral 
therapy  was  not  possible. 

Discussion  of  old  patient  cases  will  be  divided  into  responses  to 
the  three  regimens  described  above,  namely  oral  therapy,  parenteral 
therapy  and  chemoprophylaxis  (Case  reports) .  With  the  exception 
of  one  case  of  cerebral  malaria,  all  of  these  cases  eventually 
resolved  on  Fansidar  and  quinine  therapy.  Where  additional  drugs 
were  used,  they  are  also  noted. 

Five  patients  maintained  parasitemias  for  prolonged  periods  after 
oral  Fansidar  therapy.  This  period  lasted  3, 5, 6, 6  and  22  days  in 
cases  1-5  respectively.  The  first  three  of  these  were  hospitalized 
for  the  entire  period.  The  fifth  case  was  treated  as  an  outpatient 
and  no  smears  were  obtained  between  days  1  and  22.  One  case  lasting 
6  days  occurred  during  the  study  period  and  the  patient  was  admitted, 
but  not  for  malaria.  Camp  laboratory  technicians  reported  positive 
malaria  smears  on  days  2  and  7.  Smears  taken  on  days  2  and  3  by 
our  technicians  were  negative. 

In  regard  to  parenteral  therapy,  five  patients  did  not  respond 
favorably.  One  case  (6)  succumbed  to  cerebral  malaria  48  hrs. 
after  admission.  Case  7,  after  apparent  recovery  from  falciparum 
malaria,  required  retreatment  18  days  after  treatment  with  three 
vials  (mg  equivalent  to  three  tablets)  of  Fansidar  1M,  intravenous 
quinine  for  four  days  and  oral  quinine  for  three  additional  days. 

Oral  Fansidar  and  quinine  at  that  time  did  not  prevent  convulsions 
presumably  due  to  cerebral  malaria,  but  the  patient  recovered  on 
supportive  care  and  IV  quinine.  Cases  8  and  9  maintained  parasite¬ 
mias  6  and  7  days  respectively  after  initiation  of  therapy  and 
case  10  represents  a  mixed  vivax  and  falciparum  infection  with 
recrudescence  of  both  types  13  days  after  parenteral  Fansidar. 

Cases  11  and  12  represent  failures  of  weekly  prophylaxis  and  case 
13  represents  failure  of  the  monthly  regimen. 

Assuming  that  all  of  the  "old  patient"  smears  had  been  read 
correctly,  (in  only  one  case  do  we  have  information  that  directly 
bears  on  these  cases),  cases  1-4,  8,9  and  11-13  do  not  meet  WHO 
criteria  for  designation  of  resistance1^.  Case  5  may  be 

resistance  or  reinfection,  but  cases  7  and  10  are  clearly  R^ 
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recrudescences.  Case  6  (and  possibly  case  7)  would  be  termed  R^. 

The  record  is  not  clear  at  what  point  in  the  progression  to  coma, 
treatment  with  Fansidar  was  initiated,  but  early  failure  of 
therapy  was  evident.  Three  chemoprophylaxis  failures  in 
approximately  1200  person-months  is  comparable  to  that  found  in 
the  clinical  trials^3  and  is  probably  close  to  an  operational 
minimum  for  a  prophylaxis  program. 

Seventy-one  Camp  prepared  and  read  blood  films  (Fields'  stain), 
taken  from  new  patients,  were  available  for  comparison  with 
Giemsa  stained  slides  prepared  and  read  by  AFRIMS  technicians. 

Of  these  71  slides,  the  Camp  technicians  read  10  as  positive  (nine 
P_.  falciparum  and  one  P_.  vivax) .  Of  the  comparable  Giemsa  stained 
slides  only  two  were  read  as  positive.  Examination  of  the  Fields' 
stained  slides  by  Institute  technicians  resulted  is  only  the  same 
two  individuals  being  diagnosed  as  malaria  (both  falciparum).  In 
two  cases  where  the  Fields'  stained  slide  was  unavailable,  but  the 
Giemsa  stain  was  positive, the  Camp  technician  also  called  the  case 
positive.  In  one  case  P_,  vivax  was  found  in  a  Giemsa  stained  slide 
that  was  read  as  negative  on  the  Fields'  stain  both  by  the  Camp 
technicians  and  technicians  of  the  Institute. 

Therefore,  a  67%  false  positive  rate  (8/12)  and  an  approximately 
1%  false  negative  rate  (1/77,  61  of  these  Fields'  stain  confirmed 
by  the  Institute)  was  determined.  The  one  false  negative  slide 
was  due  to  staining  technique  rather  than  reader  error.  (In 
addition,  five  of  the  Camp's  ten  "positive  reference"  slide  sets 
were  read  as  negative) . 
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CASE  REPORTS 


Case  Histories  -  Aranyapratet  Refugee  Camp 
(Day  1  will  always  be  date  of  presentation  to  hospital) 


1.  Case  600/21  23  year  old  male. 

Day  1:  Smear  P.  falciparum 

Treatment:  Fansidar  (iii  tab) 

Quinine  (IV  x  2  days) 

Day  3:  Smear:  P.  falciparum 

Treatment:  Quinine  (IV  x  1  day,  po  x  4  days) 

Day  4:  Afebrile. 

2.  Case  2339/19  33  year  old  male. 

V 

The  patient  worked  in  the  forest  for  10  days 

prior  to  presentation. 

Day  1:  Smear:  X*  falciparum 

Treatment:  Fansidar  (iii  tab) 

Quinine  (IV  x  5  days) 

Day  3:  Drop  in  temperature. 

Smear:  P,  falciparum 
Treatment:  Bactrim  (po  x  5  days) 

Day  4:  Smear:  P.  falciparum 

Day  5:  Afebrile 

Smear:  _P.  falciparum 
Treatment:  Quinine  (po  x  3  days) 

3.  Case  858/21  68  year  old. 

Day  1:  Febrile 

Smear:  negative 

Treatment:  Fansidar  (iii  tab) 

Day  6:  Febrile 

Smear:  P.  falciparum 


V 
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4.  Case  1895/21 


17  year  old  male. 


The  patient  was  admitted  for  anthrax  of  the  lip 
and  (R)  cheek 

Day  2:  Febrile 

Smear:  P_.  fal ciparum 
Treatment:  Fansidar  (iii  tab) 

Quinine  (IV  x  4  days) 

Ampicillin 

Kanamycin 

Day  5,6:  Afebrile 

Day  7:  Febrile 

Smear :  I\  falciparum 

5.  Case  1410/21  15  year  old 

Day  1:  Smear:  P_.  falciparum 

Treatment:  Fansidar  (iii  tab) 

Quinine  (IV  x  2  days) 

Day  22;  Smear:  IP.  falciparum 

Treatment:  Fansidar  (ii  tab) 

6.  Case  2711/19  41  year  old  Chinese  female.  The  patient  had  not 

left  the  Camp  for  three  years.  She  had  no  past 
history  of  malaria. 

Day  1:  Vertigo  and  headache  progressing  to  deep 
coma  within  18  hours. 

Afebrile 

Smear:  negative 
Treatment:  Quinine  (IV) 

Fansidar  (1M) 

Day  2:  Febrile 

Smear:  negative 

Transfer  to  Aranyapratet  Hospital 
Smear:  P_.  falciparum 

Day  3:  Died  (dx:  cerebral  malaria) 
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7.  Case  1767/21  26  year  old  male. 


Day  1:  Hospitalized 

Smear:  P.  falciparum 
Treatment:  Fansidar  (3  vials  IM) 
Quinine  (IV  x  4  days) 
Quinine  (po  x  3  days) 

Day  11:  Discharged 

Day  18:  Complaint  of  headache  and  fever 
Smear:  P.  falciparum 
Treatment:  Fansidar  (ii  tab) 

Quinine  (po) 

Day  22:  Convulsions  requiring  hospitalization 
Smear:  P_.  falciparum 
Treatment:  Quinine  (IV) 

Valium  (IV) 


8.  Case  1278/21  21  year  old  male. 

The  patient  worked  in  the  forest  for  one  month 
prior  to  presentation. 

Day  1:  Smear:  P,  falciparum 

Treatment:  Fansidar  (IM) 

Quinine  (IV  x  1  day,  po  x  1  day, 
IV  x  2  days,  po  x  1  day, 
IV  x  1  day) 

Day  4,5:  Smear:  P.  falciparum 

Treatment:  Procaine  penicillin  (po  x  8  days) 

Day  6:  Smear:  JP.  falciparum 

became  afebrile. 

Day  7:  Smear:  Negative 

Constitutional  symptoms  unresolved. 

Day  9:  Treatment:  Bactrim  (po  x  5  days) 

Day  11:  Treatment:  Quinine  (IV  x  1  day) 

Patient  discharged. 
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9.  Case  1218/21  25  year  old  male. 


Day  1:  Smear:  _P.  falciparum 

Treatment:  Fansidar  (IM) 

Quinine  (IV  x  4  days,  po  x  2  days) 

Day  3:  Smear:  P.  falciparum 

Treatment:  Procaine  penicillin  (1M  x  3  days) 

Day  5,6,7:  Smear:  P.  falciparum 

Day  9:  Afebrile 

10.  Case  656/19  12  year  old  male. 

Day  1:  Hepatomegaly  and  jaundice 

Day  3:  Smear:  P.  falciparum  and  P.  vivax 

Day  4:  Treatment:  Fansidar  (IM) 

Quinine  (IV  x  6  days) 
Tetracycline  (po  x  11  days) 
Smear:  Negative 

Day  7 :  Afebrile 

Day  11:  Jaundice  resolved;  patient  discharged. 

Day  17:  Readmit:  Fever,  convulsions. 

Smear:  P.  falciparum  and  P.  vivax 
Treatment:  Fansidar  (IM) 

Quinine  (IV  x  4  days, 
po  x  5  days) 

Chloroquine  (450  mg  x  4  days) 
Prednisolone  (20  mg  x  6  days) 

Day  19:  Smear:  P.  vivax 

Day  20:  Smear:  P.  falciparum 

Day  21:  Afebrile 

Day  23:  Smear:  Negative 
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11,  Case  1752/21  25  year  old  male. 


The  patient  was  on  Fansidar  prophylaxis  (r  tab 
q  week)  for  5  months. 

Day  1:  Symptoms  of  chills  and  nausea 

Smear:  Negative 
Treatment:  Fansidar  (iii  tab) 

Quinine  (po  x  1  day) 

Day  3:  Smear:  P.  falciparum 

Treatment:  Quinine  (po  x  4  days) 

Day  6:  Smear:  Negative 

Note:  Patient  was  never  febrile. 

12.  Case  1107/20  25  year  old  male. 

The  patient  was  on  Fansidar  prophylaxis  for 
approximately  6  months  (i  tab  q  week) 

Day  1:  Smear:  P.  falciparum 

Treatment:  Fansidar  (iii  tab) 

Quinine  (IV  x  3  days,  po 
x  5  days) 

Day  2:  Afebrile  within  8  hours. 

Di_,  5:  Smear:  Negative 

Treatment:  Bactrim  (po  x  5  days) 

13.  Case  785/21  Male  nurse: 

The  patient  was  hospitalized  and  treated  for 
.P.  falciparum  malaria  and  then  was  placed  on 
Fansidar  prophylaxis  (iii  tablets  at  the  beginning 
of  the  month)  for  two  months. 

Day  1  (four  days  after  2nd  prophylactic  dose): 
febrile  and  vomiting 

Smear:  Negative 

Day  2:  Smear:  J?.  falciparum 
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5.  Evaluation  of  Experimental  Antimalarial  Drugs  for 
Radical  Curative  Activity  in  the  Rhesus  Monkey 

OBJECTIVE:  To  evaluate  the  radical  curative  effectiveness  of 
selected  experimental  drugs  in  rhesus  monkeys  (Macaca  mulatta) 
infected  with  Plasmodium  cynomolgi  malaria. 

BACKGROUND:  This  is  a  continuation  of  studies  initiated  by  this 
Laboratory  in  1974.  A  chronological  report  of  the  methodology 
and  results  are  available  in  previous  SEATO/AFRIMS  Annual 
Reports  (1,2).  These  studies  are  conducted  in  association  with 
the  Department  of  Parasitology,  Division  of  Experimental 
Therapeutics,  Walter  Reed  Army  Institute  of  Research. 

METHODS :  Rhesus  monkeys  were  inoculated  intravenously  with 
sporozoites  produced  in  Anopheles  dirus  mosquitoes. 

A.  dirus  mosquitoes  were  fed  on  P_.  cynomolgi  infected  monkeys. 

This  feeding  was  conducted  during  the  second  or  third  rise  in 
parasitemia  and  when  both  male  and  female  gametocytes  were  present 
as  evidenced  by  a  blood  smear.  On  post-feeding  day  14,  the 
sporozoites  were  harvested  from  the  salivary  glands  of  the  infected 
mosquitoes  and  diluted  in  a  saline-normal  monkey  serum  solution 
(1:1)  to  a  concentration  of  5-20  X  10s  sprozoites  per  ml. 
Preselected,  malaria-negative  rhesus  monkeys  were  immediately 
inoculated  intravenously  with  one  ml.  of  the  sporozoite  solution. 

Each  monkey  was  monitored  by  blood  smears  daily,  beginning  on  day 
7  post- treatment  for  the  development  of  a  parasitemia.  When  the 
parasitemia  reached  5-25  X  10^  parasites  per  cmm,  test  drugs  were 
administered  daily  for  seven  days  at  a  predetermined  dosage  level, 
based  on  a  mg.  of  drug/kg.  of  body  weight.  To  permit  evaluation  of 
drug  activity  against  tissue  parasitic  forms  independently  of  blood 
schizonticidal  activity,  chloroquine  phosphate  was  administered 
simultaneously  with  each  test  drug  at  5  mg/kg.  body  weight/day  for 
seven  days. 

Following  administration  of  the  test  drug,  malaria  parasitemia 
was  monitored  by  examination  of  Giemsa  stained  blood  smears 
daily  for  twelve  days  and  on  Monday,  Wednesday  and  Friday  there¬ 
after.  Prior  to  1  March  1978,  monkeys  which  converted  to  a 
negative  parasitemia  and  remained  so  through  post-treatment  day 
20  were  splenectomized  and  monitored  an  additional  33  days. 

Those  that  remained  free  of  malaria  parasites  during  this  period 
were  considered  cured.  After  1  March  1978,  monkeys  which 
converted  to  a  negative  parasitemia  were  monitored  for  80  days 
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post- treatment  with  no  splenectomy.  Those  remaining  negative 
during  this  period  were  considered  cured.  Those  monkeys  which 
either  failed  to  convert  to  negative  parasitemias  or  which  did 
convert  to  a  negative  status  initially  but  subsequently  became 
positive  again  in  under  20  days  post -treatment  were  considered 
not  cured.  These  monkeys  are  terminated  on  the  particular  drug 
study  when  this  occurs;  however,  when  their  parasitemias  reach  an 
acceptable  level  (approximately  5,000/cmm)  they  are  placed  on 
another,  different  drug.  In  this  manner,  it  is  possible  for  one 
monkey  to  be  used  to  test  several  drugs  provided  they  "break"  with 
a  parasitemia  before  post  treatment  day  20. 

RESULTS :  A  total  of  32  experimental  drugs  were  evaluated:  results 
are  summarized  in  Tables  5$  6.  This  reduced  number  of  drugs 
tested  over  previous  years  is  a  direct  result  of  the  world-wide 
shortage  of  rhesus  monkeys  available  for  medical  research. 
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Table  5  Summary  of  Completed  Sporozoite  Induced  Tests  in  Bhesus 

Monkeys 


Type  of  Conpound 

WRAIR 

Drug  Number 

Minimum  Curative  Dose* 

(mgAg/<3ay) 

8  -  Aminoquinoline 

234073 

**  NC(10.0) 

237808 

10.0 

238403 

NC(10.0) 

238599 

NC(  3.16) 

238887 

NC (  3.16) 

238872 

NC(10.0) 

239124 

NC(10.0) 

239378 

NC (  3.16) 

240381 

NC(  3.16) 

241319 

NC (10 .0) 

234075 

NC (  0.1) 

Acridines 

235660 

NC(10.0) 

233602 

NC(10.0) 

239373 

NC (  3.16) 

Quinolines 

229238 

1.0 

Miscellaneous 

232651 

NC(10.0) 

235963 

NC(10.0) 

237375 

NC (  3.16) 

240595 

NC(10.0) 

Administered  orally  with  5.0  mg/kg/day  of  chloroquine  phosphate. 


Not  Curative  -  The  compound  did  not  cure  at  the  maximum  dose 
tested  or  tolerated.  The  maximum  dose  is  indicated  in 
parentheses. 
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Table  6  Summary  of  Drugs  Currently  Undergoing  Sporozoite  Induced 

Tests  in  Rhesus  Monkeys 


Type  of  Conpound 

WRAIR 

Drug  Number 

Dosage  Level 
Currently  Being  Tested 
(mgAg/day) 

8  -  Aminoquinoline 

237807 

10.0,  1.0,  3.16,  0.316 

238605 

1.0,  0.316,  0.1 

238608 

10.0,  3.16,  1.0 

238850 

1.0,  3.16 

239372 

1.0,  0.316 

241320 

1.0 

242047 

1.0 

242471 

1.0 

242511 

1.0,  0.316,  0.1 

Quinoline 

3863-D-O 

1.0 

Miscellaneous 

230190 

1.0 

234737 

1.0 

237797 

10.0,  1.0,  0.316 
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6 .  Drug  Tolerance  Study  of  WR  225448  in  Rhesus  Monkeys 
OBJECTIVES: 

1.  To  determine  the  maximum  tolerated  dose  of  selected 
antimalarial  compounds. 

2.  To  characterize  the  nature  of  the  toxic  effects,  including 
a  determination  of  organ  systems  affected. 

BACKGROUND:  While  certain  chemical  compounds  are  known  to  have 
excellent  schizonticidal  activity,  they  are,  at  the  same  time, 
toxic  to  the  host.  The  purpose  oi  this  study  was  to  determine 
the  toxic  dose  of  WR  225448  and  also  to  determine  what  organ 
system(s)  were  affected  by  the  drug. 

METHODS :  This  study  was  accomplished  in  two  phases: 

1.  Secondary  Test  Phase  (Graduated  Dosage  Study) 

The  candidate  compound  was  administered  orally  to  each  of  2 
rhesus  monkeys  using  the  method  described  by  Davidson,  et  al. 

(1975)  O6)  This  test  phase  was  accomplished  in  March  1978  and 
final  results  are  awaiting  the  histopathological  examination  of 
the  tissues  collected  at  necropsy. 

2.  Primary  Test  Phase  (Fixed  Dosage  Study) 

Following  completion  of  the  secondary  test,  a  primary  test,  or 
fixed  dosage  study,  was  initiated  in  June  1979.  Four  monkeys 
were  given  the  maximum  tolerated  dose  as  determined  in  the 
secondary  test  phase  which  for  WR  225448  was  10.0  mg/kg.  body 
weight/day.  One  monkey  was  included  as  a  control  and  only  the  vehicle, 
methyl  cellulose,  was  administered  to  it. 

Blood  was  collected  once  a  week  from  each  monkey  beginning  14  days 
prior  to  the  administration  of  the  test  drug  (WR  225448)  and  the 
following  laboratory  tests  performed:  RBC,  WBC,  Differential, 
Hematocrit,  SGOT,  BUN,  Total  Serum  Protein,  Blood  Glucose,  and 
Creatinine. 

Additional  blood  specimens  were  collected  and  the  above  listed 
laboratory  tests  performed  on  three  more  days  during  the  course  of 
the  study  as  indicated  in  Table 
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The  dosage  of  WR  225448  remained  10  mg/kg.  body  weight 
throughout  the  study.  Monkeys  that  died  during  the  study  were 
necropsied  immediately  and  tissues  from  all  organ  systems 
collected  for  histopathological  examination. 

RESULTS:  Four  rhesus  monkeys,  #G406,  G392,  G411,  and  H-4  were 
given'  10  mg/kg.  body  weight  beginning  on  18  June  1979.  Monkey 
#G 397  served  as  a  control. 

Monkey  #406  died  on  23  June  1979  after  receiving  five  doses 
of  WR  225448.  Monkey  #G392  died  on  24  June  1979  after  six  doses 
of  the  drug.  Monkey  #G411  died  on  27  June  1979,  3  days  after  the 
last  dose.  Monkey  #H-4  died  on  28  June  1979,  4  days  following  the 
last  dose  of  WR  225448.  The  control  monkey,  #G397,  was  euthanized 
and  necropsied  on  5  July  1979. 

All  four  test  monkeys  died  before  the  scheuled  completion  date 
of  the  study,  suggesting  that  the  10  mg/kg.  body  weight  dose 
exceeds  the  maximum  tolerated  dose  originally  determined  by  the 
secondary  test  phase.  Complete  necropsies  were  performed  on  all 
the  monkeys.  Based  on  gross  necropsy  observations  and  laboratory 
tests  performed  the  liver  appears  to  be  the  target  organ.  (See 
Table  8  )  Final  results  of  this  study  are  awaiting  completion  of 
histopathologic  examination  of  the  tissues. 
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Schedule  for  Blood  Collection,  Drug  Administration,  Observation  &  Necropsy 
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Table  8  Liver  Enzyme  Levels 


MONKEY 

S GOT/S GPT 

NUMBER 

Day  -14 

Day  -17 

Day  +1 

Day  +8 

Day  +15 

G  392 

n 

mm 

■■ 

**/ 

G  406 

mm 

mm 

mm 

**/ 

G  411 

mm 

; 

50/30 

1460/1800 

MH 

H-4 

20/17 

20/17 

30/22 

800/1340 

**  / 

G  397* 

mm 

mm 

■M 

mw 

m 

*  Control 
**  Died 


G  406  -  Died 

Day 

+5 

G  392  -  Died 

Day 

+6 

G  411  -  Died 

Day 

+9 

H-4  -  Died 

Day 

+10 

i 
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7.  Comparative  Study  of  WR  225448  and  Primaquine  in  the 
Plasmodium  cynomolgi  -  Rhesus  Monkey  Radical  Curative 
Model,  Phase  II. 


OBJECTIVES : 

1.  To  compare  the  efficacy  of  WR  225448-chloroquine  with  the 
radical  curative  combination  of  primaquine- chloroquine. 

2.  To  compare  the  efficacy  of  WR  225448  alone  with  the 
combination  WR  225448-chloroquine. 

3.  To  determine  whether  WR  225448  is  efficacious  in  a  single 
oral  dose. 

BACKGROUND:  In  rhesus  monkeys  infected  with  sporozoites  of 
P .'  cynomoTgi ,  primaquine  (in  combination  with  chloroquine)  is  a 
radical  curative  drug.  In  this  combination,  primaquine  cures  most 
infections  at  a  total  dose  of  3.5  mg.  base  per  kg.  body  weight, 
whether  that  dose  is  a  single  dose  or  divided  into  3  or  7  daily 
doses. 

In  man,  the  toxicity  of  primaquine  precludes  administration  in 
a  single  curative  dose.  Thus,  to  achieve  a  radical  cure  of 
P,  vivax  in  man,  the  dose  is  ordinarily  given  in  divided  doses 
over'  T4'  to  21  days,  (in  conjunction  with  a  3- day  course  of  chloro¬ 
quine)  . 

WR  225448,  an  experimental  8-aminoquinoline,  appeared  to  be  as 
potent  as  primaquine  as  a  tissue  schizontici Je  and  had 
exceptionally  potent  blood  schizonticidal  activity.  The  toxicity 
of  WR  225448  in  the  rhesus  is  currently  being  investigated. 

Because  of  the  apparent  blood  schizonticidal  activity  of 
WR  225448,  the  ability  to  achieve  a  radical  cure  of  sporozoite 
induced  P_.  cynomolgi  without  simultaneous  administration  of  a 
second  drug  such  as  chloroquine  was  considered  a  real  possibility. 
Since  preliminary  testing  of  WR  225448  indicated  that  it  had  a 
better  therapeutic  index  than  primaquine,  it  was  decided  to  also 
test  its  efficacy  by  a  single  oral  dose. 

The  dose  ranges  (Table  9)  selected  for  this  study  were  based 
on  assumptions  that  the  new  lot  of  WR  225448  used  in  this  study 
would  have  approximately  the -same  potency  as  the  succinate  salt 
used  in  preliminary  studies  and  that  WR  225448  would  cure  at  the 
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same  total  dose  whether  it  was  given  in  a  single  dose  or  in  seven 
divided  doses. 

METHODS ;  Rhesus  monkeys  were  inoculated  intravenously  with  5-20  X 
IQS  PT  cynomolgi  sporozoites  produced  in  Anopheles  dirus  mosquitoes. 
Each  monkey  was  then  assigned,  by  random  selection,  to  a  particular 
drug-dose  regimen.  (See  Table  9  ) 

Administration  of  drug  in  each  monkey  was  initiated  on  the  day 
after  its  initial  parasitemia  reached  5000/cmm.  (chloroquine  was 
given  beginning  on  this  day  in  the  appropriate  groups) .  Para¬ 
sitemia  was  determined  in  each  monkey,  by  blood  smears,  three  times 
prior  to  inoculation,  daily  from  day  six  post  inoculation  until 
three  days  after  parasitemia  was  suppressed  to  zero,  then  every  other 
day  through  day  40  and  twice  weekly  thereafter.  During  relapses  or 
recrudescences  of  parasitemia , counts  were  made  daily. 

Monkeys  in  which  parasitemia  were  cleared  by  drug  was  monitored 
through  day  40  at  which  time  they  were  splenectomized  and  then 
monitored  for  an  additional  30  days.  If  negative  at  the  end  of 
this  period  they  were  considered  cured.  Monkeys  in  which 
parasitemia  was  not  cleared  by  drug  were  terminated  on  day  40. 

Monkeys  in  which  the  parasitemia  was  cleared  by  drug  but  then 
reappeared  before  day  40  were  treated  with  chloroquine  phosphate, 
orally,  5  mg/kg.  for  seven  days  (whether  or  not  chloroquine  was 
included  in  the  original  regimen).  If  the  parasitemia  was  cleared 
by  the  chloroquine/ splenectomy  was  performed  20  days  after  clearance 
and  the  monkey  monitored  an  additional  30  days.  Splenectomized 
monkeys  in  which  parasitemia  reappeared  were  treated  with  chloroquine 
phosphate,  orally,  5  mg/kg.  for  7  days.  Those  animals  in  which 
parasitemia  was  cleared  by  this  chloroquine  treatment  were  monitored 
for  an  additional  50  days . 

Results  of  each  drug  regimen  were  categorized  as  Cure,  Relapse,  or 
Recrudescence  based  on  the  following  definitions: 

1.  Cure:  No  reoccurrence  of  parasitemia  following  original 
treatment. 

2.  Relapse:  Failure  of  the  curative  drug  to  clear  all  tissue 
parasites.  Confirmed  by  administration  of  chloroquine  to  all 
monkeys  with  recurrent  parasitemia  followed  by  a  temporary  clearance 
of  the  parasitemia. 
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3.  Recrudescence:  Failure  of  the  curative  drug  to  clear  all 
blood  parasites.  Confirmed  by  administration  of  chloroquine 
to  all  monkeys  with  recurrent  parasitemia  followed  by  a  permanent 
clearance  of  parasitemia. 

RESULTS :  Results  for  each  treatment  regimen  are  summarized  in 
Table'  10. 

A  combination  of  WR  225448  and  chloroquine  was  clearly  the  most 
potent  regimen.  In  combination  with  chloroquine,  the  minimum 
curative  dose  of  WR  225448  was  0.875  mg.  base/kg.  body  weight. 
Administered  alone,  WR  225448  was  definitely  curative  at  7.0  mg. 
base/kg.  body  weight  and  one  out  of  two  monkeys  was  cured  at  3.5 
mg.  base/kg.  body  weight.  Contrary  to  Phase  I,  this  study  appears 
to  indicate  that  WR  225448  has  slightly  more  tissue  schizonticidal 
activity  in  combination  with  chloroquine  than  alone. 

Primaquine,  in  combination  with  chloroquine,  cured  at  7.0  mg. 
base/kg.  body  weight  and  at  3.5  mg/  base/kg.  body  weight  in  one  of 
two  monkeys.  As  was  determined  in  the  Phase  I  study,  WR  225448  is 
at  least  twice  as  potent  as  primaquine  as  a  tissue  schizonticide 
when  administered  alone  in  a  single  oral  dose.  WR  225448  proved 
to  be  at  least  4  times  as  potent  a  tissue  schizonticide  as 
primaquine  when  administered  in  combination  with  chloroquine. 
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TREATMENT  GROUPS 
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TREATMENT  GROUPS 
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daily  oral  dose 


8.  Evaluation  of  Macaca  fasicularis  as  a  Laboratory  Model 
for  Malaria  and  Hepatitis  Research. 

BACKGROUND :  The  world-wide  shortage  of  rhesus  moftkeys (Macaca 
mulatta)  resulting  from  the  moratorium  on  the  export  of  this 
species  by  the  Indian  Government  has  spawned  the  search  for 
alternate  animal  species  to  conduct  research  in  certain  areas. 

The  malaria  drug  development  program  is  among  those  areas, 
indeed,  a  large  portion  of  the  VII  Congress  of  the  International 
Promatolog> cal  Society  held  in  Bangalore,  India,  8-12  January  1979 
was  devoted  to  finding  alternative  subhuman  primate  species  to  use 
in  medical  research.  Other  papers,  describing  the  breeding  and 
raising  of  rhesus  by  various  laboratories  around  the  world  ,  were 
given.  Ironically,  it  was  the  consensus  of  the  delegates  that 
destruction  of  the  habitat  was  the  major  cause  of  the  declining 
population  of  the  wild  rhesus  and  that  the  few  (relatively 
speaking)  monkeys  used  for  medical  research  was  of  only  minor 
significance  in  the  problem. 

As  a  result  of  these  developments  two  projects  were  initiated 
during  the  year.  The  first  was  an  experiment  in  breeding  the 
cynomolgus  monkey  (Macaca  fasicularis)  in  our  Laboratory.  The 
second  was  using  purchased  cynomolgus  monkeys  in  pilot  studies 
in  the  areas  of  malaria  and  hepatitis  research. 

RESULTS:  On  30  November  1978,  two  breeding  groups  of  cynomolgus 
monkeys,  Macaca  fasicularis  (Crab  eating  Macaque),  were  received. 

One  breeding  group  consisted  of  one  male  and  nine  females  and  the 
other  breeding  group  contained  one  male  and  seven  females.  To 
date  a  total  of  15  offspring  have  been  born  from  both  groups.  See 
Table  11  and  Table  12.  The  January  and  Februaiy  and  March  offspring 
(7)  have  been  weaned  and  are  adjusting  very  well  to  their 
surroundings. 

On  20  March  1979,  ten  additional  cynomolgus  monkeys  were  purchased. 
Five  of  the  monkeys  were  laboratory-reared  and  five  were  wild 
caughc.  Two  of  the  wild  caught  (#14,  # 6)  died  on  6  April  79  and 
15  April  1979  respectively.  Cause  of  death  was  enteritis  and 
dehydration.  Four  of  the  remaining  eight  mon! eys  were  '  ad  to 
the  Virology  Department  and  placed  on  Hepatitis  A  Studios. 

(#7,  #8,  #20,  #21).  Results  of  these  studies  are  reported 
elsewhere  in  this  report.  Subsequently,  cynomolgus  #7  died  as  a 
result  of  pneumonia,  the  diagnosis  being  based  on  gross  necropsy 
lesions.  Definitive  diagnosis  is  awaiting  histopathological 
examination  of  the  tissues. 
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The  other  four  cynomolgus  monkeys  (#4,  #10,  #9,  #13)  are  being 
utilized  in  anticipation  of  their  eventual  use  in  the  anti-malaria 
drug  testing  program.  Initially,  the  study  called  for  a  determi- 
nrtion  of  whether  or  not  Macaca  fasicularis  (Cynomolgus  monkey) 
couid  be  infected  with  Plasmodium  cynomolgi.  Cynomolgus  monkeys 
#4  and  #10  were  inoculated  with  5  X  10i>  sporozoites  on  5  June 
1979.  The  two  monkeys  developed  parasitemias  at  9  and  10  days  post 
inoculation  respectively.  Based  on  the  experience  gained  from 
the  rhesus  monkey  model,  a  decision  was  made  to  feed  mosquitoes 
on  the  second  peak  in  the  parasitemia.  The  parasitemias  that 
developed  initially  were  far  lower  than  that  seen  in  the  rhesus 
model.  (3,500  to  12,000  as  compared  to  200,000  to  over  300,000). 
Likewise,  the  second  peak  in  the  parasitemia  was  of  such  limited 
magnitude  and  of  such  short  duration  that  the  chance  to  feed 
mosquitoes  was  missed.  Consequently,  when  the  mosquitoes  were 
fed,  they  did  not  become  infected. 

Cynomolgus  #9  (wild  caught)  and  #13  (laboratory  reared)  were 
then  infected  in  the  same  manner  as  the  rhesus  monkeys  and  in  this 
trial,  mosquitoes  were  fed  on  both  the  first  and  second  parasitemic 
peaks.  In  this  second  trial  we  were  able  to  infect  the  mosquitoes. 

Subsequent  trials  using  the  c rnomolgus  monkey  model  will  have  to 
await  a  decision  to  purchase  additional  monkeys.  This  work  will 
be  continued  if  the  results  are  promising  enough  to  warrant  such 
further  investigation  and  investment  of  time,  money  and  laboratory 
space. 


( 
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Table  11  Summary  of  births  by  month  of  cynomolgus  monkeys 


Number  bom 

January 

2 

February 

3 

March 

2 

April 

1 

May 

0 

June 

0 

July 

5 

August 

2 

Total 

15  (13  <f,  2  ?: 

Table  12  Summary  of  cause  of  deaths  within  the  cynomolgus  monkey 

breeding  colony 


Cause  of  Death 

Number 

Stillborn 

2 

Parasitism* 

1 

*  Overwhelming  infestation  of  Strongyloides  sp. 
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9 .  Partial  Characterization  of  Mitogenesis  Inhibiting 
Factor  in  Malaria  Serum 

OBJECTIVE:  To  further  characterize  the  properties  of  the  mitogenesis 
Inhibiting  substance(s)  in  serum  from  patients  infected  with  malaria. 

BACKGROUND :  Recently  Wells,  et  al.  (5)  demonstrated  that  sera  from 
patients  with  falciparum  or  vivax  malaria  significantly  suppressed  the 
blastogenic  response  of  normal  lymphocytes  simultaneously  stimulated 
with  selected  plant  mitogens.  Significant  suppression  was  seen  in  the 
cellular  response  of  lymphocytes  stimulated  with  phytohemagglutinin 
(PHA)  and  Concanavalin  A  (Con  A),  but  not  in  cultures  stimulated  with 
Pokeweed  mitogen  (PWM) .  Later  experiments  using  autologous  or  allogenic 
responder  lymphocytes  showed  similar  results  (17)  although  some  cultures 
stimulated  with  PWM  did  show  various  decreases  of  suppression. 

We  are  continuing  to  investigate  the  inhibiting  substance  and  the 
possible  regulatory  role  it  may  have  in  the  host's  response  to  malaria 
infection.  Preliminary  studies  are  underway  to  determine  if  both  acute 
and  convalescent  serum  contain  the  inhibiting  factor,  if  inhibiting 
serum  must  be  added  simultaneously  with  the  mitogen  for  inhibition  to 
be  seen,  and  if  the  level  of  inhibition  is  altered  when  different 
concentrations  of  inhibiting  sera  are  substituted  in  the  culture  media. 

We  will  later  begin  physiochemical  studies  to  determine  the  inhibiting 
substances'  molecular  weight,  if  it  is  dialyzable  and/or  temperature 
sensitive,  and  if  its'  action  is  directed  toward  both  B  cells  and  T 
cells. 

METHODS :  The  mitogenesis  inhibition  assays  are  performed  as  previously 
described  (5,18)  with  modifications  in  the  methodology  for  those 
experiments  in  which  different  dilutions  of  serum  are  added,  or  in 
experiments  where  inhibiting  serum  is  added  after  mitogen  is  added  to 
the  specific  culture  wells. 

Acute  serum  is  obtained  just  prior  to  patients  receiving  chemotherapy, 
while  convalescent  serum  is  obtained  14  and  28  days  later.  The 
respective  samples  are  frozen  at  -20°C  until  the  complete  set  can  be 
tested  in  a  single  assay  against  identical  responder  cells. 

Additional  physiochemical  and  target  cell  specificity  studies  will  be 
performed  using  modifications  of  standard  methods  (18,19,20). 

RESULTS:  Table  13  shows  the  effect  various  dilutions  of  inhibiting 
sera  have  on  the  response  of  normal  lymphocytes  to  mitogen.  The 
highest  SI  is  seen  when  normal  serum  alone,  or  15%  normal  serum  plus 
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5%  patients  serum,  is  added  to  the  culture  media. 


When  the  percentage  of  inhibiting  serum  is  increased,  a  decrease 
in  stimulation  index  (SI)  is  seen.  These  results,  including  the 
suppression  of  PWM  induced  mitogenesis,  are  consistent  with  the 
recent  findings  of  Wells,  et  al.  (2).  The  most  important 
finding,  however,  is  that  the  percentage  of  inhibiting  serum  can 
be  reduced  to  10%  thus  conserving  serum  for  additional  studies. 
Additional  experiments  are  underway  to  confirm  these  results. 

Table  14shows  the  effect  of  adding  mitogenesis  inhibiting  sera  to 
mitogen  cultures  at  different  times.  Although  only  PHA  was  used 
to  induce  mitogenesis  in  this  experiment,  the  results  indicate  that 
inhibiting  serum  must  be  added  at  the  same  time  as  the  mitogen  to 
bring  about  the  highest  level  of  suppression.  Additional  experiments 
will  be  necessary  to  see  if  inhibiting  serum  added  at  times  prior  to 
the  addition  of  mitogen  results  in  a  higher  level  of  suppression 
than  in  those  culture  receiving  inhibiting  serum  and  mitogen 
simultaneously. 

Two  inhibition  experiments  comparing  convalescent  serum  with  acute 
serum  have  been  performed  to  date.  The  results  are  inconsistent 
and  may  tend  to  indicate  that  the  presence  of  inhibiting  substance 
in  convalescent  serum  may  be  related  to  the  chemotherapy  the 
patient  receives  (6)  (reported  elsewhere  in  this  Annual  Report) . 

This  is  a  preliminary  report. 
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Table  13  Effect  Dilution  of  Inhibiting  Sera  Has  on  Mitogenic  Response 
of  Normal  Lymphocytes . 
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10.  Nature  of  Malaria  Cold-Reactive  Anti-Lymphocytotoxin 
Antibody  ”  '  ~ 

OBJECTIVE:  To  determine  the  target  cell  population  and  the  chemical 
nature  of  lymphocytotoxic  antibodies  in  sera  from  patients  infected 
with  malaria. 

BACKGROUND:  Initial  studies  in  this  Laboratory  have  demonstrated  the 
presence  of  anti-lymphocytotoxin  antibodies  in  the  sera  of  patients 
infected  with  falciparum  or  vivax  malaria  (5) .  These  antibodies 
have  anti- lymphocytotoxic  activity  at  15°C  and  are  effective  in 
destroying  allogenic,  as  well  as,  autologous  lymphocytes.  Although 
the  in  vivo  relevance  of  these  antibodies  is  unclear,  recent 
interest  has  focused  on  the  relationship  of  these  antilymphocytotoxic 
antibodies  and  the  decreased  Tcell  numbers  found  in  the  peripheral 
blood  of  patients  infected  with  malaria  (21),  Our  continued 
investigation  in  this  area  is  presently  concerned  with  determining 
the  antibody  class  of  the  lymphocytotoxin  (IgG,  IgM,IgA)  and  the 
lymphocyte  population  that  the  lymphocytotoxins  are  directed  against 
with  the  aim  of  understanding  the  in  vivo  relevance  of  anti¬ 
lymphocytotoxic  antibodies. 

METHODS :  Human  peripheral  blood  mononuclear  cells  will  be  obtained 
from  freshly  drawn  blood  by  fractionation  over  Ficoll-Hypaque 
gradients  according  to  the  method  of  Boyum  (22) .  Isolation  of 
human  lymphocyte  subpopulations  will  be  carried  out  using  current 
modifications  (28,  24)  of  previously  described  methods  (6). 

Cytotoxin  assay  will  be  performed  using  the  modification  of 
Terasaki's  methodology  (5)  previously  described.  The  nature  of  the 
.'inti lymphocytotoxin  antibodies  will  be  investigated  using  a 
standard  absorption  technique  and  double  antibody  radioimmunoassay 
(23). 

RESULTS:  The  column  cell  separation  assays  have  been  set  up  and  are 
presently  being  standardized;  consequently  no  information  is 
presently  available  on  the  target  cell  specificity  of  the 
lymphocytotoxins . 
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Fansidar  and  Human  Lymphocyte  Immune  Response  to 
Plant  Lectins 


OBJECTIVE:  To  determine  the  effect  of  Fansidar  on  the  human 
immune  response  to  selected  mitogens. 

BACKGROUND :  Fansidar  is  presently  used  widely  in  Thailand  as  an 
anti-malarial  drug  by  the  National  Malaria  Eradication  Project, 
the  Military,  and  for  self-treatment.  Recently,  questions  have 
arisen  concerning  the  possible  adverse  effects  on  the  hematopoietic 
system  that  long-term  prophylactic  use  of  the  drug  may  have 
(25,26). 

Recently,  a  mitogenesis  inhibition  assay  in  our  Laboratory  showed 
atypical  results  when  pooled  convalescent  sera  from  patients  with 
falciparum  malaria  who  were  treated  with  Fansidar  was  added  to 
normal  lymphocytes.  Since  mitogen  stimulation  has  been  used  as 
an  indicator  of  general  cellular  immune  responsiveness,  the  in 
vitro  inhibition  seen  with  pooled  patient's  sera  could  indicate  a 
drug-induced  suppression  of 

(1)  the  immune  response  of  individual  recovering  from  malaria 
infection,  and/or, 

(2)  general  immune  competence  of  lymphocytes  from  uninfected 
individuals. 

Both  components  of  Fansidar,  pyrimethamine  and  sulfadoxine,  have 
been  shown  to  adversely  effect  hematopoiesis  in  humans  when  the 
drugs  were  taken  daily  for  extended  periods  (25,26,27).  Thus,  it  is 
possible  that  Fansidar,  taken  routinely  for  prolonged  prophylactic 
purposes  may  likewise  adversely  effect  the  individual's  immune 
competence. 

We  are  presently  using  the  mitogen  inhibition  assay  to: 

(1)  confirm  that  convalescent  sera  from  patients  treated  with 
Fansidar  (two  tablet  regimen)  inhibit  the  mitogen  stimulation  of 
normal  lymphocytes. 

(2)  determine  if  chemoprophylaxis  with  Fansidar  can  alter  the 
mitogen  response  of  lymphocytes  in  individual  receiving  a  single 
three  tablet  regimen  or  if  mitogenesis  inhibiting  activity  is  present 
in  sera  from  individuals  on  long  term  (20  weeks)  chemoprophylaxis 
(two  tablets  every  2  weeks) . 
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METHODS:  "Serum  regulatory  factors"  and  "lymphocytes  test 
populations"  will  be  tested  using  a  standard  mitogen  stimulation 
assay  (5).  Lymphocytes  will  be  isolated  from  blood  using  the 
method  of  Boyum  (28).  Serum  regulatory  factors  will  be  examined 
by  adding  media  containing  20%  (v/v)  test  sera  to  cultures 
containing  either  normal,  autologous,  or  allogenic  lymphocytes, 
then  performing  the  mitogen  stimulation  assay  described  above. 

Control  sera  will  be  obtained  from  patients  treated  with  quinine. 
Stimulation  index  (SI)  will  be  calculated  as  described  (25)and 
used  to  measure  the  non-specific  stimulation  of  lymphocytes  as 
well  as  the  control  and  test  sera's  effect  on  isotope  incorporation 
by  normal,  mitogen  stimulated  lymphocytes. 

RESULTS :  Table  15 shows  the  effect  that  pooled  patients'  sera, 
collected  before  and  after  Fansidar  treatment,  had  on  the  level  of 
isotope  incorporation  in  mitogen  stimulated  normal  lymphocyte 
cultures.  Acute  patients 's  sera  collected  before  treatment,  from 
both  of  the  groups  eventually  treated  with  either  quinine  or 
Fansidar,  inhibits  mitogenesis  by  normal  lymphocytes.  This  is  in 
agreement  with  the  findings  of  Wells,  et  al.  (25)  in  which  serum 
from  acutely  ill  malaria  patients  (P.f.  5  P_.v. )  added  to  normal 
lymphocyte  cultures  prior  to  mitogen  stimulation  inhibits  mitogenesis. 

When  pooled  convalescent  sera  is  added  to  lymphocyte  cultures,  sera 
from  patients  treated  with  quinine  has  no  mitogenesis  inhibitory 
effect.  The  SI  of  cells  treated  with  28  day  sera  from  quinine 
treated  patients  is  not  significantly  different  from  that  of  cells 
receiving  media  supplement  with  sera  from  pooled,  uninfected, 
untreated  individuals.  However,  sera  from  patients  treated  with 
Fansidar  still  had  high  mitogenesis  inhibiting  activity  28  days 
after  treatment  to  all  3  mitogens  investigated.  Further  studies 
may  help  to  determine  if  the  inhibition  is  due  solely  to  Fansidar 
treatment  or  if  the  continued  inhibition  is  due  to  the  predisposing 
malaria  infection  in  combination  with  Fansidar  treatment. 

Another  experiment  designed  to  see  if  Fansidar  chemoprophylaxis 
(three  tablet  therapeutic  regimen)  altered  an  individuals'  lymphocyte 
response  to  mitogen  was  recently  completed.  Lymphocytes  were  tested 
from  individuals  before  beginning  Fansidar  prophylaxis  and  14  and  28 
days  later.  Each  lymphocyte  population  was  tested  in  a  mitogen 
inhibition  assay  on  the  day  of  collection  with  normal,  autologous 
patient,  and  allogeniq  patient  serum.  No  consistent,  significant 
differences  were  seen  in  any  of  the  tests.  However,  a  larger  number 
of  individuals  will  have  to  be  examined  to  assess  the  role  of 
Fansidar  and  drug-induced  suppression  of  human  lymphocytes. 
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We  are  presently  using  serum  from  individuals  who  have  been  on 
Fansidar  prophylactic  for  up  to  20  weeks  in  an  effect  to  determine 
if  prolonged  use  of  prophylactic  doses  of  Fansidar  can  lead  to  the 
appearance  of  mitogenesis  inhibiting  activity. 

Testing  of  the  sera  from  the  prophylactic  study  is  in  progress. 
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Table  15  Pooled  Malaria  Patient  Serum  Effect  on  Normal  Human 
Lymphocyte  Response  to  Mitogen 


Mitogen 

Normal 

Serum 

Quinine 

Fansidar 

Day  01 

Day  14 

- 1 

Day  28 

Day  0 

Day  14 

Day  28 

PHA 

156. 432 

57.84 

94.51 

107.97 

34.24 

27.40 

Con  A 

166.94 

56.33 

156.53 

136.92 

24.72 

70.95 

PWM 

116.06 

42.50 

114.95 

112.05 

4.36 

H 

15.67 

1.  Pre  treatment  serum. 

2.  Stimulation  index  when  pooled  sera  (average  5  patients)  is 
added  to  wells  (20%  v/v) . 
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12.  Cryogenic  Preservation  of  Malaria  Lymphocytes 


OBJECTIVE:  To  develop  the  capability  for  freezing  and  long-term 
storage  of  lymphocytes  isolated  from  the  blood  of  individuals  with 
malaria. 

BACKGROUND:  Numerous  immunological  studies  have  been  performed  to 
investigate  the  humoral  response  of  humans  to  malaria  infection 
(29,30)  while  relatively  few  studies  have  investigated  the  role 
lymphocyte  subpopulations  may  have  in  either  the  protection  or 
recovery  of  individuals  from  naturally  acquired  malaria  infections. 

A  major  reason  for  this  difference  is  that  the  cells  must  be 
processed  and  used  quickly,  unless  facilities  are  available  for 
controlled  freezing.  Serum  can  be  processed  and  stored  with  a 
minimum  of  time  and  equipment. 

For  the  last  several  years  this  Laboratory  has  been  engaged  in 
cellular  immune  studies  using  lymphocytes  from  patients  with 
naturally  acquired  malaria.  Although  progress  has  been  made,  two 
characteristics  of  the  epidemiology  of  the  disease  have  hampered 
previous  studies. 

First,  because  the  majority  of  malaria  cases  are  found  in  rural 
areas,  collection  teams  are  limited  in  the  number  of  blood  samples 
that  they  can  obtain,  screen,  process,  and  transport  each  morning. 
They  must  allocate  enough  time  to  ensure  that  the  processed  samples 
are  returned  to  our  laboratory,  by  late  afternoon,  for  use  in 
assays.  Any  patients  who  arrive  at  the  field  treatment  site  after 
a  designated  "cut  off"  time  are  not  bled  for  cell  studies. 

Secondly,  we  are  restricted  by  the  seasonal  occurence  of  the  disease. 
The  maximum  number  of  cellular  assays  are  performed  during  the 
"peak"  season;  however,  few  malaria  cellular  assay  can  be  performed 
during  the  rest  of  the  year. 

A  controlled  cell  freezing  capability  will  remove  some  of  the 
limitations  mentioned  above  and  will  enable  us  to: 

1.  Set  up  an  "intermediate"  laboratory  facility  closer  to  the 
blood  collection  sites  where  blood  can  be  processed  and  cells  frozen 
for  temporary  storage.  This  will  decrease  transportation  time  and 
will  allow  technicians  to  collect  blood  from  volunteers  throughout 
the  day.  Once  the  blood  is  collected  it  can  be  transported  a  short 
distant  and  processed  and  stored  at  the  "intermediate"  lab  before 
being  transported  back  to  AFRIMS. 

2.  Collect,  freeze,  and  store  patient  lymphocytes  for  use  during 
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the  months  when  the  incidence  of  malaria  is  lower,  so  that 
cellular  research  experiments  can  continue  throughout  the  year. 

3.  Begin  sequential  in  vitro  studies  of  the  cellular  immunccom- 
petence  of  malaria  patients.  These  studies  previously  have  been 
limited  by  day-to-day  test  variability,  making  interpretation  of 
results  difficult.  Several  authors  have  advocated  the  use  of 
frozen  lymphocytes  in  these  in  vitro  assays  to  reduce  day-to-day 
test  variation, thereby  enabling  a  sequential  set  of  lymphocytes  from 
a  patient  to  be  thawed  and  tested  on  the  same  day  (31,32). 

METHODS :  Cryogenic  equipment  will  be  set-up  and  standardized  at 
AFR'IMs  before  being  moved  to  an  acceptable  "intermediate"  facility. 

The  Biological  Freezing  System  (Union  Carbide  Corp.  Linde  Division, 
N.Y.,  N.Y.)  to  be  used  includes: 

1.  A  BF-4  rate  controller 

2.  A  BF-4-1  freezing  chamber 

3.  A  model  LS-160  liquid  nitrogen  container 

4.  An  ElectroniK  One-Eleven  Single  Pen  Strip  Chart  Recorder 
(Honeywell  International,  Fort  Washington,  Pa.) 

Ficoll-Hypaque  will  be  used  for  the  separation  of  lymphocytes  from 
peripheral  blood  (33).  A  standard  method  of  freezing  live 
lymphocytes  will  be  followed  (34)  and  cell  samples  will  be  stored  in 
a  mechanical  freezer  at  a  constant  -70°C. 

RESULTS:  Due  to  long  procurement  and  delivery  times,  all  of  the 
components  for  the  system  were  not  received  until  recently.  In 
addition  the  BF-4  rate  controller  was  found  after  extensive  testing 
to  be  defective  and  had  to  be  returned  to  the  Manufacture*  for 
replacement.  We  are  presently  awaiting  the  replacement  rate 
controller.  Because  of  the  above  we  have  no  results  to  date. 


13.  Gametocytocidal  and  Sporontocidal  Studies  of 
Experimental  Antimalarial  Therapeutic  Regimens 


OBJECTIVE:  To  determine  the  gametocytocidal  and  sporontocidal 
effects  of  experimental  antimalarial  therapeutic  regimens  on  the 
malaria  parasites  in  Anopheles  dirus  and  An.  maculatus  fed  on  test 
malaria  patients. 

BACKGROUND:  One  very  important  aspect  of  evaluating  antimalarial 
therapeutic  regimens  is  to  determine  their  effect  on  the  sexual 
cycle  of  the  malaria  parasite.  This  evaluation  primarily  involves 
screening  the  blood  of  malaria  patients  for  gametocytes  over  a 
series  of  days  post-treatment.  However,  gametocytes  are  often 
present  at  levels  too  low  for  detection  using  standard  blood  film 
screening  techniques.  Another  method  to  determine  the  presence  of 
healthy  gametocytes  is  to  allow  known  vector  mosquitoes  to  feed  on 
the  patient  and  to  monitor,  by  dissection,  the  development  of 
parasites  (if  any)  in  the  mosquitoes.  The  development  of  "normal" 
appearing  oocysts,  subsequently  coupled  with  heavy  infections  of 
sporozoites  in  the  salivary  glands  is  &ood  evidence  against 
gametocytocieal  or  sporontocidal  activity  by  the  test  antimalarial 
regimen . 

Gametocytocidal  studies  have  been  carried  out  at  this  Laboratory 
over  the  past  several  years  in  conjunction  with  the  U.S.  Army's 
Drug  Development  Program  (1,  2,  3).  Data  from  these  studies 
indicate  a  definite  increase  or  enhancement  of  gamogamy  and 
subsequent  sporogony  with  the  use  of  Fansidar  treatments  (2,  4). 

METHODS :  During  this  period  studies  were  carried  out  at  the  Phraya 
PaKolpolpayuhasena  Hospital,  Kanchanaburi  Hospital,  and  the  Phra 
Phutthabat  Hospital,  Sara  Buri  Province.  The  usual  conditions  for 
admission  of  patients  to  AFRIMS  therapeutic  trials  were  observed. 
Patients  with  JP.  falciparum  or  vivax  were  assigned  to  therapy  groups 
using  one  of  the  following  5  treatment  regimens:  Mefloquine 
hydrochloride  (1500  mg-single  dose),  Fansidar  (2  tablests),  Fansidar 
(3  tablets),  Quinine  (650  mg.q.  8  hours  for  7  days)  and  Quinine 
(650  mg.  q.  8  hours  for  7  days)  plus  Primaquine  (15  mg/day  x  5  days). 

Fifty  Anopheles  dirus  (Bangkok  Strain)  and  50  An.  maculatus 
(IMR  Strain)  were'  fed  on  patients  on  the  day  of  admission  (Day  0) 
before  treatment  and  on  day  1.  Followup  feeds  using  these  2 
species  occurred  on  days  7,  14  and  21,  if  the  patient  still 
exhibited  parasites  on  blood  smears  on  those  days.  Mosquitoes  were 
dissected  on  days  7  and  14  after  feeding.  Guts  and  glands  were 
examined  for  oocysts  and  sporozoites,  and  oocyst  indices  and 
sporozoite  densities  were  determined. 
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RESULTS ;  There  were  66  malaria  patients  admitted  into  the  test 
program  during  the  year,  and  on  which  mosquitoes  were  fed. 

However,  since  the  1976-1977  Annual  Report  period  (1),  criteria 
for  the  admission  of  patients  have  changed  and  no  longer  require 
the  presence  of  gametocytes  on  the  initial  thick  smear  (day  0) . 
Entomological  repercussions  of  this  change  resulted  in  a  low  rate 
of  parasite  positive  mosquito  feeds.  Otherwise, the  data  accrued 
for  the  Mefloquine  hydrochloride  and  Fansidar  in  2  tablet  or  3 
tablet  doses  are  essentially  unchanged  from  previous  Annual 
Reports  (1,  2,  3).  Data  for  the  2  remaining  therapies  indicate 
Quinine  (650  mg.q.  8  hrs  for  7  days)  has  little  (if  any) 
gametocytocidal  activity,  while  Quinine  (650  mg.q.  8  hrs  for 
7  days)  plus  Primaquine  (15  mg/day  x  5  days)  has  good  gametocyto¬ 
cidal  activity. 

These  studies  will  be  terminated  in  the  near  future  and  pending  the 
arrival  of  new  investigational  antimalarial  drugs. 
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CPT  Lawrence  K.  Lightner 
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1.  Description 


Leishmaniasis  is  a  parasitic  infection  of  the  reticuloendo¬ 
thelial  system  and  is  endemic  in  most  of  the  tropical  and  sub¬ 
tropical  areas  of  the  world.  Military  personnel  operating  in 
Latin  America,  Asia,  Africa  and  the  Near  East  face  a  serious 
hazard  of  disability,  disfigurement  and  death  by  the  cutaneous 
and  visceral  forms  of  this  disease.  The  only  drugs  currently 
available  for  therapy  are  antimonials,  which  are  hazardous  and 
frequently  ineffective. 

The  Leishmania  Section  develops  and  uses  laboratory  models 
for  evaluation  and  development  of  antileishmanial  drugs,  monitors 
contract  research  efforts,  furnishes  laboratory  support  for 
clinical  studies  and  patient  care,  and  collaborates  with  investi¬ 
gators  in  other  departments,  institutions  and  organizations  in 
research  studies  of  this  disease. 

2.-  Progress 

a.  In  vitro  Investigations 


(1)  Axenic  amastigotes 

A  method  for  evaluating  drugs  for  activity  against 
host-cell-free  amastigotes  of  Leishmania  braziliensis  panamanen- 
sis  in  vitro  was  described  in  the  1978  Annual  Report. 

As  with  many  in  vitro  systems,  standardization  of 
the  axenic  amastigote  drug  screen  has  been  difficult.  The  unde¬ 
fined  portion  of  the  media  used  in  this  system,  i.e.,  30%  v/v 
fetal  bovine  serum  (FBS),  appears  to  be  the  most  variable  factor 
involved.  In  addition,  most  major  biological  supply  companies 
have  recently  published  advisory  letters  warning  that  a  critical 
shortage  of  fetal  bovine  serum  wi*i  occur  during  the  next  18 
months.  Therefore,  our  major  efforts  have  been  toward  replace- 
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merit  of  FBS  in  the  growth  medium  and  elucidation  of  the  growth 
factor  associated  with  it. 

We  have  attempted  to  replace  FBS  in  the  medium  with 
tripeptides,  heme,  a  combination  of  amino  acids  or  neonatal  bovine 
sera.  These  experiments  have  not  disclosed  any  substitute  for  FBS. 
Encouraging  results  have  been  obtained  from  evaluation  of  various 
growth  factor (s)  isolated  by  Drs,  Shiigi  and  Mishell,  Department 
of  Bacteriology  and  Immunology,  University  of  California,  Berkeley. 
They  were  able  to  isolate  two  species  of  cryophilic  bacteria  from 
various  lots  of  "sterile"  fetal  bovine  sera.  Supernatant  frac¬ 
tions  from  cultures  of  these  bacteria,  identified  as  "gliding  bac¬ 
terium  one"  (BG^)  and  "two"  (BG2),  have  been  provided  to  us  for 
testing  in  leishmanial  cultivation.  Preliminary  investigations 
with  these  materials  indicate  that  BG2  may  provide  the  growth  fac¬ 
tors  found  in  Mishell-Dutton-approved  lots  of  FBS  (see  Figure  1), 
Efforts  to  further  purify  and  isolate  specific  factors  from  these 
supernatant  fractions  are  underway.  These  materials  will  be  for¬ 
warded  from  Berkeley  to  our  laboratories  for  testing  as  they 
become  available. 

(2)  Promastigotes 

In  attempts  to  develop  other  in  vitro  drug  screening 
systems,  the  incorporation  of  several  labeled  metabolic  precursors 
including  ^C-proline,  l^C-leucine  and  %-thymidine  by  promasti¬ 
gotes  of  L.  braziliensis  panamanensis  in  a  96-well  microtiter- 
plate  system  is  being  investigated.  While  these  investigations 
are  still  in  an  early  stage,  it  is  interesting  to  note  that  many 
drugs  used  to  treat  leishmaniasis  in  man  appeared  to  have  little 
or  no  effect  on  incorporation  of  labeled  precursors  by  the  promas- 
tigote  stage  of  the  parasite,  while  drugs  such  as  ethidium  bro¬ 
mide  (WR  141,377)  appeared  to  have  a  marked  effect  (Figure  2). 
Further  investigation  of  this  system  using  both  promastigotes  and 
amastigotes  are  planned.  In  vitro  studies  of  leishmanial  metabo¬ 
lism  currently  being  conducted  by  Dr.  Brian  Hansen,  Division  of 
Biochemistry,  should  provide  additional  insight  as  to  labeled  sub¬ 
stances  that  could  be  used  advantageously  in  this  system. 

(3)  Mass  Cultivation 

Methods  for  the  mass  cultivation  of  promastigotes  of 
strains  of  human  leishmania  have  been  successfully  extended  to 
several  additional  strains.  Promastigotes  were  cultured  in  100 
ml  Schneider's  Medium  with  30%  fetal  bovine  serum  in  series  of 
roller  flasks.  Media  made  in  the  laboratory  have  been  success¬ 
fully  used  as  substitutes  for  commercially  prepared  media  with 
considerable  savings  in  cost.  Approximately  one  ml  of  packed 
cells  may  be  harvested  from  one  liter  of  medium.  Mass-cultivated 
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promastigotes  are  being  used  to  support  biochemical  studies,  in 
vitro  antileishnanial  drug  screening  experiments,  and  taxonomic 
investigations. 

b.  Mystromys  albicaudatus  (African  white  tailed  rat)  Model 
of  Leishmaniasis 


(1)  Leishmania  braziliensis  panamanensis 

The  evaluation  of  L.  b.  panamanensis  infections  in 
M.  albicaudatus  as  an  animal  model  for  cutaneous  leishmaniasis 
has  continued. 

Infections  of  Mystromys  with  L.  b.  panamanensis  have 
been  used  for  testing  candidate  therapeutic  agents  mixed  with 
hydrophilic  emulsion  base  (HEB)  cream  for  topical  treatment  of 
cutaneous  leishmaniasis.  In  one  experiment  compositions  of 
pentostam  in  HEB  and  silver  sulfadiazine  in  HEB  were  tested. 

There  were  4  animals  in  each  experimental  group  and  1  control 
animal.  All  animals  had  well-developed  cutaneous  lesions  prior 
to  application  of  the  cream.  The  medicated  cream  was  applied 
twice  a  day  for  six  weeks.  Changes  in  sizes  of  the  lesions  of 
the  treated  animals  in  this  experiment  nre  shown  in  Figure  3. 

The  lesion  on  the  control  animal  did  not  decrease  in  size  during 
the  experiment  (data  not  shown).  Pentostam  in  HEB  cream  was 
similarly  tested  in  a  second  experiment  (see  Figure  4) .  In  both 
experiments,  lesions  of  the  pentostam/cream-treated  animals 
decreased  in  size  markedly  throughout  the  study  period,  while 
lesions  of  control  animals  did  not. 

Preliminary  studies  to  compare  the  activities  of 
glucantirae  and  WR  6026  in  the  Mystromys-L.  b.  panamanensis  system 
were  completed.  Glucantime,  administered  at  a  dosage  of  1200  mg/ 
kg  IM  for  five  days,  caused  a  significant  reduction  in  the  size 
of  established  cutaneous  lesions  of  infected  Mystromys.  WR  6026 
administered  at  13  mg/kg  IM  for  five  days  also  caused  a  reduction 
in  lesion  size.  Interpretation  of  results  was  difficult,  however, 
because  animals  injected  IM  with  WR  6026  developed  local  necrosis 
of  tissue  at  the  injection  site. 

(2)  Leishmania  mexicana 

Data  from  previous  investigations  have  shown  that  M. 
albicaudatus  was  susceptible  to  infection  with  L.  mexicana.  It 
was  also  demonstrated  that  when  the  antimony  compound,  glucan¬ 
time,  was  given  at  a  dosage  of  100  mg/kg/day  IM  for  10  days, 
commencing  one-half  to  two  hours  prior  to  infection,  the  develop¬ 
ment  of  cutaneous  lesions  was  delayed  at  least  seven  weeks  when 
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the  inoculum  of  promastigotes  was  5  x  10^  organisms.  This  infor¬ 
mation  was  incorporated  into  a  research  proposal  submitted  to  the 
Uniformed  Services  University  of  the  Health  Sciences  by 
LT  CDR  Erich  Stafford  and  MAJ  Larry  Hendricks.  This  study  enti- 
tiled  "Testing  for  Leishmanial  Prophylactic  Drugs"  is  being  con¬ 
ducted  collaboratively  with  the  USUHS. 

Initial  experiments  have  established  parameters  of 
activity  for  the  reference  compound  glucantime  and  have  demon¬ 
strated  that  WR  6026  given  either  orally  or  IM  is  prophylactically 
less  effective  than  glucantime  as  per  the  criteria  established  for 
this  test. 


Current  experiments  with  primaquine,  15  and  30  mg/kg/ 
day  IM  for  10  days  and  chloroquine  at  30  mg/kg/day  IM  for  10  days 
have  provided  interesting  and  unexpected  results.  At  seven  weeks 
post-infection,  animals  treated  prophylactically  with  primaquine 
have  started  to  develop  cutaneous  lesions;  however,  animals 
treated  with  chloroquine  have  not  displayed  any  clinical  evidence 
of  cutaneous  lesions.  Additional  investigations  of  chloroquine 
as  a  potential  leishmanial  prophylactic  will  be  pursued  at  the 
conclusion  of  this  series  of  experiments. 

c.  USAMRDC  Contracted  Leishmanial  Projects 

The  Leishmania  Section,  Division  of  Experimental  Thera¬ 
peutics,  has  been  designated  by  the  USAMRDC  as  monitor  and 
technical  advisor  for  a  group  of  U.S.  Army  contractors  conducting 
research  on  leishmaniasis.  The  research  includes  the  following 
contracts: 

(1)  Dr.  Bruce  E.  Beacham,  Department  of  Dermatology, 
University  of  Virginia  Medical  Center,  Charlottesville,  VA, 
entitled  "Investigation  of  cross  immunity  between  Leishmania 
tropica  (Jericho)  and  Leistmania  braziliensis  in  experimentally 
infected  Mystromys  albicaudatus. " 

(2)  Dr.  Robert  Herman,  Bureau  of  Biological  Research, 
Rutgers  College,  Piscataway,  New  Jersey,  entitled  "Functional 
role  of  humoral  antibodies  in  leishmaniasis  in  laboratory 
animals." 


(3)  Dr.  William  L.  Hanson,  Department  of  Parasitology, 
The  University  of  Georgia,  Athens,  GA,  entitled  "Chemotherapy  of 
leishmaniasis." 

(4)  Dr.  Wallace  Peters,  Department  of  Medical  Proto¬ 
zoology,  London  School  of  Hygiene  &  Tropical  Medicine,  London, 
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England,  entitled  "Chemotherapy  of  leishmaniasis." 

(5)  Dr.  Uri  Zehavi,  The  Center  for  the  Study  of  Infec¬ 
tious  and  Tropical  Diseases,  the  Hebrew  University,  Hadassah 
Medical  School,  Jerusalem,  Israel,  entitled  "Target  oriented 
drugs  against  leishmania  and  trypanosoma." 

d.  Liposome-encapsulated  Drugs 

Investigations  of  the  antileishmanial  activity  of  com¬ 
pounds  encapsulated  in  liposomes  have  continued.  Antimonial 
drugs  and  certain  non-antimonial  drugs  have  had  increased 
activity  when  administered  in  this  configuration.  The  selection 
of  the  most  efficacious  lipids  for  preparation  of  liposomes  and 
the  evaluation  of  extended  shelf -life  of  preparations  have  been 
investigated.  The  use  of  liposome-encapsulated  antimony  prepara¬ 
tions  administered  in  a  prophylactic  regimen  has  also  shown 
promise,  indicating  that  the  half-life  of  the  antimony  in  the 
host  is  extended.  A  long-term  treatment  regimen  of  liposome- 
encapsulated  antimony  is  also  currently  being  investigated. 

It  is  planned  that  future  experimentation  will  include  the 
evaluation  of  liposome-encapsulated  compounds  against  cutaneous 
leishmaniasis  and  further  evaluation  of  efficacy  of  "promising" 
preparations  against  visceral  leishmaniasis  in  other  mammalian 
systems.. 


e.  Cryobank  Project 

The  collection  of  reference  strains  and  new  isolates  of 
Leishmania  has  continued.  The  current  collection  consists  of  340 
specimens  including  41  new  strains  and  50  new  stabilates  which 
were  added  this  year.  Thirteen  of  these  new  stabiliates  were  iso¬ 
lated  from  patients  seen  in  our  laboratory  during  FY  79.  Nine 
were  U.S.  Army  personnel.  Acquired  stabilates  of  particular 
interest  are  Uta,  a  species  causing  mucocutaneous  leishmaniasis 
in  Peru,  and  new  isolates  of  both  visceral  and  cutaneous  leish¬ 
maniasis  from  Kenya  that  have  natural  resistance  to  antimony.  Re¬ 
quests  from  seven  laboratories  for  stabilates  from  the  Leishmania 
cryobank  reference  collection  have  been  received  this  year.  In 
response  to  these  requests,  56  stabilates  have  been  forwarded. 

f .  Diagnostic  Laboratory  Services 

As  a  result  of  a  leishmanial  EPICON  request  from  Ft. 

Bragg  and  a  resultant  FDA-approved  IND  for  the  treatment  of  Army 
patients  with  modified  regimens  of  Pentostam,  this  laboratory  has 
assumed  a  major  diagnostic  mission. 
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This  year  50  military  patients  with  suspected  leishmania¬ 
sis  have  been  seen  in  our  laboratories.  This  group  included  new 
suspect  patients;  patients  undergoing  antimony  therapy  requiring 
evaluation;  and  patients  requiring  three-month,  six-month,  and 
one-year  follow-up  after  antimony  therapy;  and  a  group  of  17  West 
Point  cadets  that  attended  Jungle  Warfare  Training  in  Panama  and 
had  persistent  dermal  lesions.  Of  these  50  patients,  8  were  con¬ 
firmed  as  new  cases  of  leishmaniasis,  15  were  previously  treated 
patients,  (two  of  which  were  positive  at  3  and  6  months  post¬ 
treatment)  and  two  were  patients  that  were  undergoing  therapy  at 
the  end  of  the  last  fiscal  year. 

The  Department  recently  has  been  involved  in  collaboration 
with  another  EPICON  mission  involving  a  Battalion  from  Ft.  Bragg 
that  had  returned  from  Panama.  Twenty-nine  soldiers  were 
diagnosed  as  having  become  infected  with  toxoplasmosis  while  par¬ 
ticipating  in  jungle  training.  The  isolation  of  oocysts  from  the 
involved  watering  point,  the  demonstration  of  rodent  infections 
from  the  oocysts  via  serological  methods  and  the  final  isolation 
of  oocysts  after  feeding  of  infected  rodents  to  felines  will 
include  consultation  and  collaborative  efforts  by  this  section. 

g.  Collaborative  Support  of  Special  Foreign  Activities 

This  section  has  actively  participated  in  the  leishmania¬ 
sis  research  efforts  of  the  WRAIR  laboratory  in  Kenya.  This  has 
included  exchange  of  materials,  isolation  and  characterization  of 
isolates  and  consulting  visits. 
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Figure  l.  Growth  of  amastigotes  in  vitro  in  media  contain¬ 
ing  factors  from  fetal  bovine-  serum-.  *»  ->*  *'*'• 

Mi ahell-Dutton  Test  Serum:  fetal  bovine  serum  approved 

by  Mishell-Dutton  Test 

Deficient  Serum:  fetal  bovine  serum  which  failed 
Mishell-Dutton  Test 

BacCM:  Bacterial  Conditioned  Medium:  medium  remaining 
after  vacteria  have  been  removed  from  culture. 

BG1:  "gliding  bacterium  one":  fraction  of  a  culture 

of  one  bacterium  found  in  "sterile"  fetal  bovine 
serum. 

BG2:  "gliding  bacterium  two":  fraction  of  a  culture 
of  a  second  bacterium  found  in  "sterile"  fetal 
bovine  serum 
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Leishnania  brazil  iensis  Uitro  Drug  Test 


CONCENTRATION  OF  DRUG  IN  ug/ril 
-IbYOIOIUE.^'rSOLlOl.. -  _BB0LIUE_ £Q-0flSWEQ2 


CONTROL  MEAN  OPM I  910.37 

£0-50:  (0. 193  ug/ril 

95*  C.I.  1.983  TO  202.705  ug/ctl 


CONTROL  MEAN  DPMI  54.03 
ED-50  IS  A80UE  TEST  LIMIT 


Figure  2.  The  effect  of  ethidium  bromide  (UR  141,377)  on  the 
incorporation  of  ^H-thyraidine  and  l^C-proline  by 
promastigotes  of  L.  braziliensis  panamanensis  during 
cultivation  in  vitro.  The  figure  is  a  reproduction 
of  the  computer-generated  display  of  the  analysis  of 
experimental  data.  Promastigotes  were  incubated  for 
four  hours  at  25°  in  medium  containing  ^H-thymidine 
and  l^C-proline.  The  radioactivity  incorporated  by 
the  promastigotes  in  the  presence  of  drug  was  compared 
to  that  incorporated  in  the  absence  of  drug 
("Control")  and  expressed  as  percentage  of  control 
(%  control). 


Lesion  Size  (mm2) 


Figure  3.  Treatment  of  Leishmania  braziliensis  in  Mystromys 
albicaudatus  by  Application  of  Pentostara  and 
Silver  Sulfadiazine  Creams* 


Lesion  Size  (mm*) 


Weeks 


Figure  4.  Treatment  of  Leishmania  braziliensis  in  Mystromys 
albicaudatus  by  Application  of  Fentostam  Cream* 
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Work  Unit  092  Chemotherapy  and  Chemoprophylaxis  of  Leishmaniasis 
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b.  Published: 

1.  Wilson,  H.R. ,  Diekmann,  B.S.  and  Childs,  G.E.: 
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c.  In  Press: 

1.  Kinnamon,  K.E.,  Steck,  E.A.,  Loizeaux,  P.S., 
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2.  Cahill,  K.M.  and  Hendricks,  L.D.:  Leishmaniasis, 
to  be  Chapter  60  in  An  Update  on  the  Zoonoses:  1978.  Iowa  State 
University  Press  (in  press). 

3.  White,  S.,  Hendricks,  L.D,  and  Chulay,  J. : 
Cutaneous  leishmaniasis:  A  case  report.  Rifampin  treatment 
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press) . 


4.  Hendricks,  L.D.  and  Wright,  N. :  Diagnosis  of 
cutaneous  leishmaniasis  by  in  vitro  cultivation  of  saline  aspir¬ 
ates  in  Schneider's  drosophila  medium.  To  be  published:  Am.  J. 
Trop.  Med.  Hyg.  28(6):  962-964,  1979. 

5.  Hendricks,  L.D.  and  Childs,  G.E.:  In  vitro  cul- 
tivation  of  leishmanial  parasites.  WHO  Symposium  (in  press). 

6.  Lightner,  L.K.,  Ewert,  A.,  Corredor,  A,,  and 
Sabogal,  E.:  A  parasitologic  survey  for  Mansonella  ozzardi  in 
the  Comisaria  del  Vaupes,  Colombia.  To  be  published:  Am.  J. 
Trop.  Med.  Hyg.  29(1):  xxxx,  1980. 

7.  Hockmeyer,  W.T.,  Kager,  P.A.,  Rees,  P.H.  and 
Hendricks,  L.D. :  The  culture  of  Leishmania  donovani  in 
Schneider's  insect  medium;  its  value  in  the  diagnosis  and 
management  of  patients  with  visceral  leishmaniasis.  Trans.  Roy. 
Soc.  Trop.  Med.  Hyg.  (submitted  for  publication). 
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DESCRIPTION 


Work  within  this  unit  directs  the  methodologies  of  both 
psychology  and  neurophysiology  in  multi-level  studies  of  behavioral, 
systemic,  and  neural  changes  which  precede  or  accompany  the  develop¬ 
ment  of  neurologic  and  psychosomatic  disease.  At  one  level,  tech¬ 
niques  of  operant  and  respondent  conditioning  are  employed  as  models 
of  both  phasic  and  chronic  psychological  and  emotional  stress  while 
concomitant  changes  in  the  autonomic  nervous  system  are  monitored. 
These  studies  have  focused  on  the  control  of  autonomic  responses 
by  complex  environmental  conditions  requiring  either  intense  and 
extended  behavioral  involvement  or  exposure  to  noxious  and  stressful 
conditions.  Measures  of  cardiovascular  or  gastrointestinal  function 
provide  clues  to  the  development  of  disease. 

At  another  level,  physiologic  and  biochemical  techniques  are 
used  to  alter  directly  the  autonomic  nervous  system  while  con¬ 
comitant  behavioral  and  physiological  changes  are  monitored. 

These  studies  have  focused  on  the  neural  pathways  and  neurochemi¬ 
cal  mechanisms  which  probably  mediate  the  autonomic  responses  to 
these  conditions. 

ENVIRONMENTAL  INFLUENCES  ON  THE  AUTONOMIC  NERVOUS  SYSTEM 


Environmental  modulation  of  the  cardiovascular  system.  Labora¬ 
tory  work  within  this  area  has  been  curtailed  somewhat  this  year 
while  limited  personnel  lend  support  to  field  studies  of  behavioral 
rhythms  and  effects  of  transmeridian  desynchronization  (jet  lag). 

A  summary  of  the  contribution  to  that  study  conducted  under  this 
project  is  described  below. 

Most  of  the  laboratory  effort  was  devoted  to  initiating 
a  computer-directed  laboratory  system  to  run  simultaneously 
the  experimental  sessions  and  collect  physiological  and  behavioral 
data  in  real  time  for  10  primate  chambers.  In  addition  to  the 
behavioral  programming,  the  software  to  date  has  the  capability 
to  record  heart  rate,  blood  pressure,  respiration,  and  temperature 
on-line  in  any  time  frame  desired.  It  is  also  possible  to  record 
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these  measures  continuously  for  24  hours  to  study  circadian 
patterning. 

Currently  monkeys  are  in  different  stages  of  training  for 
four  different  experiments.  Two  of  the  studies  are  based  on 
earlier  findings,  summarized  in  previous  annual  reports,  that 
monkeys  working  for  food  on  a  behavioral  schedule  requiring  low 
frequency,  paced  responding  displayed  unexpectedly  large  increases 
in  heart  rate  and  blood  pressure  during  the  task.  The  first 
experiment  will  compare  such  paced  responding  with  less  demanding 
tasks,  uj> i ng  both  positive  and  negative  reinforcement,  in  an 
effort  to  assess  the  relative  contributions  of  the  task  demand  vs. 
the  type  of  reinforcement  in  eliciting  physiological  response. 

Thd  second  study  will  compare  paced  responding  for  food  with  a 
vigilance  task  for  sessions  conducted  at  varying  times  of  day. 
Changes  in  heart  rate  as  well  as  behavior  will  be  recorded  in 
examining  the  interactions  of  the  two  tasks  with  differing  times 
of  day. 

The  ocher  two  experiments,  being  performed  in  conjunction 
with  members  of  the  Neuroendocrinology  Branch,  involve  the 
endogenous  opiate  beta-endorphin.  This  recently  discovered  drug 
has  attracted  much  attention  both  for  its  role  in  organismic 
response  to  stress  and  as  a  potential  analgesic.  In  one  experi¬ 
ment,  injections  of  beta-endorphin  or  morphine  are  given  to 
monkeys  working  for  food  on  a  behavioral  schedule,  and  the  effects 
on  behavior  and  physiology  noted.  One  pilot  animal  has  been 
completed  to  date  and  the  results  summarized  in  last  year's  report. 
The  other  experiment  will  determine  analgesic  doses  of  beta- 
endorphin  and  morphine  using  a  procedure  called  shock  titration. 

In  this  paradigm  continuous  low  levels  of  shock  are  regulated  by 
the  animal,  so  that  changes  in  pain  threshold  or  tolerance  can  be 
measured  following  drug  injections. 

All  four  of  these  experiments  are  currently  in  progress 
under  the  computer  system.  A  separate  study  under  way  is  designed 
to  follow  up  aspects  of  the  earlier  experiments  concerning  the 
interactions  of  operant  and  respondent  conditioning.  Rats  have 
been  trained  on  a  shock  avoidance  schedule,  following  which  a 
stimulus  sequence  of  a  tone  followed  by  food  (a  classical  con¬ 
ditioning  paradigm)  will  be  presented  during  the  avoidance 
sessions.  The  major  independent  variable  will  be  whether  or  not 
a  series  of  tone-food  pairings  was  first  presented  outside  of 
avoidance  sessions.  The  aim  is  to  evaluate  the  interaction  of 
the  classical  conditioning  and  operant  conditioning  procedures 
by  measuring  changes  in  avoidance  response  rates  during  the 
tone.  Broadly  speaking,  such  experiments  are  directed  towards 
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an  understanding  of  the  ways  in  which  ongoing  performance  may 
be  disrupted  by  intrusions  of  various  sorts. 

Environmental  modulation  of  gastric  function.  Work  has 
started  on  a  pilot  study  designed  to  evaluate  the  effects  of 
chronic  infusion  of  Pentagastrin  (a  synthetic  gastric  hormone) 
at  graded  doses  on  gastric  secretion  of  acid.  In  this  study 
two  male  rhesus  monkeys  will  be  adapted  to  living  in  loose 
restraint  chairs  and  trained  to  accept  naso-gastric  tubes.  After 
habituation  to  the  experimental  environment,  each  monkey  will 
be  prepared  with  a  silastic  catheter  in  a  vena  cava  for  automatic 
infusion  of  saline  or  Pentagastrin.  The  experimental  procedure 
will  involve  alternating  one  week  of  infusion  of  Pentagastrin  in 
saline  with  three  week's  infusion  of  saline  alone.  The  week  im¬ 
mediately  prior  to  the  infusion  of  Pentagastrin  will  be  considered 
the  baseline  week  for  evaluation  of  the  drug  effect  on  gastric 
function.  The  measurement  of  the  effects  of  the  Pentagastrin  will 
be  done  by  sampling  via  the  naso-gastric  tube  the  stomach  juice 
and  adding  via  the  tube  a  dye-marker,  phenol  red.  By  titrating 
the  samples,  the  acidity  of  the  juice  can  be  calculated  and  by 
measuring  the  changes  in  the  dye-marker,  estimates  of  volume  and 
emptying  can  be  obtained.  In  this  fashion,  gastric  dynamics  (acid 
secretion  rates,  emptying  volume,  fluid  secretion,  etc.)  can  be 
monitored  in  response  to  the  hormone  and  by  measuring  across  time, 
the  chronic  effects.  This  information  will  allow  a  decision  to  be 
made  as  to  the  feasibility  of  using  Pentagastrin  to  independently 
manipulate  long-term  acid  secretion  levels  in  another  study  designed 
to  assess  gastric  dynamics  in  rhesus  monkeys  in  response  to  stress. 

Preliminary  work  has  been  completed  in  preparation  for  this 
second  study  designed  to  evaluate  the  stomach's  response  to  the 
stress  of  noxious  stimuli  such  as  shock.  The  first  aspect  of  it 
involves  development  of  a  technological  means  of  chronically  and 
automatically  monitoring  gastric  function.  The  study  involves  the 
implantation  of  a  pH  electrode  in  the  stomach  along  with  attaching 
strain  gauges  to  the  stomach  wall.  The  signals  from  these  devices 
will  be  fed  into  an  on-line  computer  for  conversion  from  an  analog 
signal  to  a  digital  one.  In  this  manner,  information  about  stomach 
function  can  be  garnered  over  long  periods  of  time,  enabling  newly 
developed  statistical  programs  such  as  time  series  analysis  to 
evaluate  the  data  for  periodic  changes.  This  information  will 
provide  a  baseline  by  which  the  effects  of  the  noxious  stimuli 
can  be  evaluated.  In  addition,  by  using  female  monkeys,  the  effects 
of  the  estrous  cycle  can  be  evaluated.  It  is  hoped  that  this  ex¬ 
periment  will  provide  a  useful  tool  for  the  chronic  study  of  the 
stomach  and  will  allow  us  to  note  the  effect  of  stress,  not  only 
acutely,  but  for  extended  periods  of  time. 
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Field  Studies  of  Response  to  Rapid  Transmeridian  Deployment 
("Jet  Lag").  (CPT  Cuthbert  assisted  the  Department  of  Military 
Medical  Psychophysiology  in  collecting  data  summarized  in  the 
report  of  that  department.)  Most  of  two  different  months  were 
spent  in  the  field  conducting  two  different  studies  (1 ,2,3,4). 

The  remainder  of  the  time  was  spent  in  preparing  for  the  studies, 
directing  the  data  analysis,  drafting  reports  of  the  work,  and 
preparing  a  new  protocol  appendix  for  simulation  studies  to  be 
performed  in  an  isolation  chamber  in  the  coming  year. 

During  the  first  field  study  CPT  Cuthbert  served  as  director 
of  a  research  team  which  collected  more  extensive  data  on  a 
subset  of  the  study  population,  and  also  directed  the  advance 
party  of  the  WRAIR  research  team  which  deployed  overseas  prior 
to  the  subjects  to  enable  data  collection  from  the  moment  of  the 
subjects'  arrival.  The  second  field  study  involved  supervision 
of  the  research  team  collecting  data  from  120  soldiers  deploying 
to  Germany  on  four  different  aircraft  as  part  of  the  REFORGER  79 
exercise.  This  support  of  the  Psychophysiology  Department  was 
necessary  in  order  to  meet  strict  time  requirements  imposed  upon 
the  research  effort  by  CINCUSAREUR.  The  contributions  from  the 
Neurosciences  staff  included  the  following: 

1)  Experience  in  cognitive  and  performance  testing  of 
human  subjects,  to  include  selection  and  design  of  performance 
tests. 

2)  Computer  facilities.  To  ease  the  heavy  computing  loads 
and  meet  deadlines  for  reporting  the  results,  programs  were 
written  both  for  programmable  calculators  and  computers  and  some 
processing  was  done  on  the  PDP  11/03  in  the  Neurosciences  Depart¬ 
ment. 


3)  Drafting  experimental  reports  and  manuscripts  concerning 
the  studies. 

4)  Experience  in  working  with  enlisted  troops,  and  in 
carrying  out  research  with  human  subjects. 

AUTONOMIC  VARIABLES  IN  DISEASE.  (Studies  of  shock  were  carried 
out  in  conjunction  with  Dr.  John  Holaday  of  the  Neuroendocrinology 
and  Neurochemistry  Branch.) 

Endotoxin  Shock.  Preliminary  studies,  which  were  begun 
last  year,  were  greatly  expanded  and  extended  (5,6).  The  initial 
demonstration  that  opiate  antagonists  reverse  the  hypotension 
caused  by  endotoxin  administration  has  been  confirmed  in  a  large 
number  of  rats.  Doses  of  naloxone  as  low  as  0.1  mg/Kg  have 


produced  a  significant  increase  in  mean  arterial  pressure  and 
pulse  pressure  after  endotoxin  shock  as  compared  to  saline  controls. 
Moreover,  the  cardiovascular  improvement  produced  by  naloxone  in 
this  model  has  been  shown  to  be  stereos pecifi'c,  with  only  the  (-) 
isomer  of  naloxone  being  efficacious.  In  addition,  we  have  shown 
that  intravenous  (IV)  s-Endorphin  produces  hypotension  which  is 
summative  with  that  produced  by  endotoxin,  and  is  reversed  by  (-) 
naloxone.  Taken  together,  these  findings  suggest  that  endorphins 
are  hypotensive  factors  in  endotoxin  shock  and  that  the  therapeutic 
effects  of  naloxone  are  specific  and  mediated  by  the  opiate 
receptor  (7). 

In  conjunction  with  Dave  Reynolds'  group  at  the  University 
of  Iowa,  we  have  confirmed  and  extended  the  rat  data  in  a  canine 
endotoxin  shock  model  (8).  Following  endotoxin  administration, 
naloxone,  in  contrast  to  saline  treatment,  prevented  the  decrease 
in  cardiac  contractility,  attenuated  the  decrease  in  mean  arterial 
pressure  and  reversed  the  fall  in  cardiac  output.  Most  importantly, 
naloxone  treatment  significantly  improved  survival. 

Continuing  studies  are  examining  the  mechanism  of  naloxone's 
effects  after  endotoxemia.  These  include  glandular  manipulation 
(hypophysectomy,  adrenalectomy)  and  treatment  with  intracerebral  - 
ventricular  (IVT)  naloxone  administration. 

Hypovolemic  Shock.  A  successful  hypovolemic  shock  model  was 
developed,  using  conscious  animals.  Intravenous  naloxone  (1  mg/Kg) 
was  demonstrated  to  significantly  improve  mean  arterial  pressure, 
pulse  pressure  and  survival  after  hypovolemic  shock  (9).  In 
conjunction  with  the  University  of  Iowa,  a  parallel  canine  model 
was  developed  (10).  Again,  naloxone  not  only  improved  cardiac 
contractility,  mean  arterial  pressure  and  cardiac  output,  but  also 
dramatically  improved  survival.  In  fact,  this  model  produced  an 
LD  100  in  saline  treated  dogs  while  the  naloxone  treated  animals 
all  survived. 

Spinal  Shock.  Spinal  shock  was  produced  in  anesthetized  rats 
by  transecting"  the  spinal  cord  at  C-7.  Intravenous  naloxone 
reversed  the  post-transection  hypotension  to  baseline  levels  within 
5  minutes,  while  saline  administration  was  without  effect  (11). 

48  i«g  of  (-)  naloxone  given  IVT  similarly  reversed  such  hypotension, 
while  neither  (+)  naloxone  nor  saline  had  any  effect.  These 
effects  of  (-)  naloxone  were  shown  to  be  mediated  by  the  vagus 
nerves,  and  were  completely  blocked  by  bilateral  vagotomy. 

The  ability  of  IV  naloxone  to  reverse  the  hypotension  caused  by 
spinal  transection  has  been  confirmed  in  cats.  Similarly,  naloxone's 
cardiovascular  effects  were  blocked  by  bilateral  vagotomy  (12). 
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Spinal  Trauma.  In  cats,  a  successful  model  of  cervical 
spinal  trauma  was  developed,  one  that  caused  reproducible  clinical 
and  pathological  changes.  Preliminary  studies  have  shown  that 
significant  hypotension  is  produced  by  the  injury,  and  that  these 
blood  pressure  changes  are  substantially  reversed  by  opiate 
antagonists.  Current  studies  are  examining  the  possibility  that 
treatment  with  opiate  antagonists  may  limit  the  degree  of  injury 
following  spinal  trauma. 

NEUROLOGIC  STUDIES  CONDUCTED  IN  COORDINATION  WITH  THE  DEPARTMENT 
OF  NEUROLOGY,  WALTER  REEb  ArMY~ MEDICAL  CENTER 


Pulmonary  Neuropathy.  A  new  polyneuropathy  has  been  demon- 
strated  in  patients  with  moderately  severe  chronic  obstructive 
pulmonary  disease  (COPD)  (13).  Individuals  were  studied  prospec¬ 
tively  using  both  clinical  and  electrophysiologic  evaluation;  all 
known  causes  of  neuropathy  were  excluded  in  these  patients.  Of 
23  patients  studied,  18  had  evidence  of  either  clinical  or  sub- 
clinical  neuropathy.  Half  of  the  abnormalities  involved  only 
sensory  nerves,  while  half  involved  both  motor  and  sensory 
nerves.  No  evidence  of  clinical  or  subclinical  neuropathy  has 
been  found  in  the  two  control  groups  -  (1)  10  normal  young  adults 
and  (2)  10  age  matched  controls  with  minimal  COPD.  The  findings 
from  this  study  convincingly  demonstrate  the  existence  of  a 
polyneuropathy  associated  with  COPD.  Given  the  incidence  of  COPD 
in  the  population,  and  the  fact  that  over  50%  of  all  polyneuro¬ 
pathies  go  undiagnosed,  the  description  of  this  neuropathy  is  of 
substantial  epidemiologic  significance. 

Autonomic  Dysfunction  Clinic.  We  have  continued  to  see  and 
evaluate  patients  with  autonomic  disease.  Two  new  clinical 
entities  have  been  discovered  -  (1)  progressive  isolated  sudomotor 
dysfunction  of  central  origin  and  (2)  dominantly  inherited  urinary 
incontinence.  Successful  new  treatments  have  been  demonstrated 
for  three  rare  entities  -  (1)  erythromelalgia  (Aldomet),  (2)  post- 
traumatic  dysautonomic  cephalgia  (Dilantin)  and  (3)  dominantly 
inherited  urinary  incontinence  (Tofranil). 
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23.  (U)  This  unit  examines  the  dynamics  of  those  specific  factors  within  military  or¬ 
ganizations  and  environments  that  conduce  to  psychiatric  illness,  operate  to  produce 
psychiatric  causalties  and  lead  to  the  generation  of  dysfunctional  behaviors  and  decre¬ 
ments  in  military  performance.  These  studies  have  direct  relevance  for  the  development 
of  programs  of  intervention  and  prevention  and  the  development  of  effective  techniques 
for  the  minimization  of  psychiatric  casualties. 

24.  (U)  The  methods  of  clinical  psychiatry,  social  and  clinical  psychology,  social  an¬ 
thropology  and  field  epidemiology  are  used  to  identify  factors  that  generate  psychia¬ 
tric  casualties,  behavior  dysfunction  and  performance  dysfunction  and  decrement  in 
order  to  modify  such  factors  or  the  relationship  between  them, 

25.  (U)  78  10-79  09  Data  gathered  in  studies  of  Artillery  Fire  Direction  Centers  have 
been  analyzed  to  determine  factors  that  mitigate  or  contribute  to  stresses  of  continu¬ 
ous  performance.  Field  assays  have  been  carried  out  with  troops  of  the  82nd  Airborne 
Division  and  projected  studies  of  health  factors  in  relation  to  deployment  and  transi¬ 
tion  states  have  been  developed  and  will  commence  in  this  fiscal  year.  Special  empha¬ 
sis  is  being  accorded  to  the  relationship  of  group  structures  to  the  stress  response. 
Studies  of  fire  fighters  have  been  directed  towards  the  development  of  models  for 
chronic  combat  stress.  Field  studies  of  women  in  the  Army  and  the  socio-medical  and 
medical  psychological  factors  effecting  both  mental  and  physical  health  have  been  im¬ 
plemented  and  pilot  studies  are  approaching  completion.  These  studies  will  delineate 
factors  of  risk  for  female  personnel.  Studies  of  the  relationship  of  group  structure 
to  physiology  and  the  handling  of  stress  in  BCT/AIT  and  in  deployed  field  units  are 
under  development  and  should  commence  in  the  coming  fiscal  year.  A  historical  review 
of  factors  involved  in  the  generation  and  prevention  of  combat  psychiatric  casualties 
nave  commenced.  For  technical  report  see  Walter  Reed  Army  Institute  of  Research 
Annual  Progress  Report,  1  Oct  78  -  30  Sept  79. 
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Description 

Neuropsychiatric  casualties  have  represented  a  major  source 
of  manpower  loss  in  every  armed  conflict  in  which  the  United 
States  Army  has  been  involved.  In  times  of  peace  the  Army 
suffers  significant  personnel  losses  and  costs  as  a  function  of 
behavioral  dysfunctions,  performance  decrements,  effectiveness 
deficits,  psychosomatic  illnesses,  psychogenically  based  dis¬ 
orders  and  neuro-psychiatric  diseases.  Many  of  these  losses 
and  costs  appear  to  involve  predisposing  risk  factors  that  are 
parts  of  the  general  and  human  ecology  of  the  Army.  Unique 
aspects  and  demands  of  military  life  engender  both  strains  and 
stresses  that  further  the  risk  of  the  individual  and  the  group 
for  dysfunctional  and  ineffective  behavior.  The  symptomatic  and 
often  costly  responses  to  stressful  events  and  factors  in  the 
military  are  in  part  determined  by  the  health  status  and  coping 
styles  of  the  individual  and  in  part  by  the  social  milieu  in 
which  stressful  events  are  experienced.  The  interaction  of  the 
individual  and  group  within  this  special  set  of  ecological  set¬ 
tings  -  ranging  from  the  intense,  life-threatening  multiple 
stresses  of  combat  to  the  daily  stresses  and  strains  of  garri¬ 
son  and  training  -  represent  the  central  concern  of  this  work 
unit.  This  unit  examines  the  dynamics  of  those  specific  factors 
within  the  military  organizations  and  environments  that  conduce 
to  psychiatric  illness,  operate  to  produce  psychiatric  casual¬ 
ties,  and  lead  to  ineffectiveness,  the  generation  of  dysfunc¬ 
tional  behaviors,  and  decrements  in  military  performance. 
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Central  to  this  concern  is  the  study  of  how  the  Military 
social  milieu  organizes,  shapes,  reinforces  and  mitigates  re¬ 
sponses  to  stressful  events.  These  studies  have  direct  rele¬ 
vance  for  the  development  of  programs  of  intervention  and  pre¬ 
vention  and  the  development  of  effective  techniques  for  the 
minimization  of  psychiatric  and  behavioral  casualties. 

1.  Studies  of  Artillery  Fire  Direction  Centers  in 
Simulated  Sustained  Operations 

Description 

These  studies  were  carried  out  jointly  with  the  U.S. 

Army  Research  Institute  of  Environmental  Medicine,  Natick, 
Massachusetts  and  the  Department  of  Military  Medical  Psychophysi¬ 
ology,  WRAIR.  The  description  of  the  studies  was  dealt  with 
extensively  in  previous  Annual  Reports.  Essentially  four 
artillery  fire  direction  centers  from  the  32nd  Airborne  Division 
carried  out  simulated  sustained  artillery  operations  under  the 
observation  of  a  number  of  investigators.  Behavioral,  physio¬ 
logical,  and  performance  measures  were  taken.  Patterns  of 
verbal  communication  in  a  small  Army  work  group  were  examined 
to  determine  If  they  arc  related  to  stress  and  performance  in 
this  sustained  operation  simulation.  Stress  was  defined  as 
time  periods  when  demands  placed  upon  the  groups  exceeded 
their  capacity  to  respond  effectively  to  these  demands.  Such 
excess  demand  (stress)  was  inferred  during  multiple  fire  missions 
(as  evidenced  by  the  groups  simple  inability  to  respond  to 
many  requests)  and  increasingly  over  time  due  to  fatigue  (as 
evidenced  by  progressively  deteriorating  performance  and  failure 
to  complete  routine  tasks).  Fatigue  reduces  the  capacity  of 
the  group  to  respond  effectively,  and  thereby  elevates  some 
previously  routine  tasks  into  "stressful"  tasks.  Communication 
was  selected  for  analysis  as  its  processing  is  vital  to  effective 
command  and  control. 

Progress 

Data  analysis  and  interpretation  has  been  completed.  It 
was  hypothesized  that  during  multiple  fire  missions  non-task 
related  communication  would  drop  out  on  the  assumption  that 
the  group  would  have  tc  consolidate  its  resources  and  reduce 
nonessential  procedures  during  times  of  stress.  It  was  anti¬ 
cipated  that  non-task  related  communications  would  decline 
over  time  as  fatigue  reduced  group  capacity  and  that  total 
communication  would  decline  over  time.  Only  partial  confirmation 
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was  obtained  of  these  hypotheses.  There  was,  as  expected,  a 
significant  reduction  in  non-task  communication  during  the 
multiple  fire  mission.  But  total  numbers  of  communications  did 
not  change  over  time,  indicating  there  was  no  "conservation"  as 
the  groups  became  fatigued.  A  small  but  significant  increase 
in  non- task  communication  was  found  over  time,  This  increase 
was  not  large  enough  to  cause  a  significant  increase  in  total 
communication.  It  might  indicate  an  increase  in  the  emission 
of  group  maintenance  behavior,  (e.g.,  joking,  socially  bonding 
transactions,  etc.)  perhaps  at  some  decrease  in  effectiveness 
since  increased  non  task  communication  begins  at  about  24  hours 
into  the  task. 

A  multiple  complex  demodulation  analysis  of  each  indivi¬ 
dual’s  communication  data  (for  one  group)  was  also  conducted. 

This  is  a  technique  for  partitioning  a  waveform  (in  this  case 
dervied  from  the  pattern  of  task  related  communications),  into 
its  component  parts,  and  relating  patterns  in  those  components 
to  individual  behavior.  A  considerable  concordance  between 
appearance  of  high  frequency  waveforms  and  the  time  periods  when 
individuals  were  performing  poorly  was  discovered.  Should  these 
results  hold  upon  examination  of  other  groups,  this  could  provide 
a  non  subjective  technique  to  evaluate  stress  that  does  not  re¬ 
quire  individuals  to  stop  their  tasks  and  respond  to  question¬ 
naires  or  interviews. 

2.  The  Psycho-Social  Aspects  of  Health  and  Illness  of 
Women  in  the  Army 

Description 

The  purpose  of  this  study  is  to  describe  the  relationship 
between  various  psycho-social  and  organizational  variables  and 
the  health  status  and  effectiveness  of  performance  and  function¬ 
ing  of  women  in  the  Army.  In  1973  a  decision  was  made  to  in¬ 
crease  the  enlisted  strength  of  women  soldiers  to  approximately 
50,400,  many  serving  in  non-traditional  MOS's.  The  impact  of 
such  increases  in  the  number  of  female  personnel  on  health  re¬ 
sources,  the  possible  consequences  for  individual  and  unit  mental 
health  and  integrity  are,  at  present,  difficult  to  ascertain. 
Recent  data  on  psychiatric  hospitalization  rates  shows  that  for 
1971-73  the  rate  of  episodes  of  psychiatric  hospitalization 
for  women  was  approximately  twice  that  of  males  if  drug  and 
alcohol  categories  are  excluded.  Provisional  analyses  have 
shown  that  Army  women  had  more  days  lost  than  men  due  to 
hospitalization  and  a  greater  non-effective  rate  in  1975 
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counting  both  physical  and  psychiatric  hospitalizations.  When 
gender  specific  illnesses  were  excluded,  females  continued 
to  have  a  higher  hospitalization  rate  than  males.  Similar 
results  have  been  shown  for  the  Navy.  Past  experience  indicates 
that  when  mental  health  rates  differentials  exist  for  groups  in 
the  Army,  major  contributor  factors  are  invariably  to  be  found 
in  organizations  and  units  and  in  psycho-social  factors  -  parti¬ 
cularly  the  stress  provoking  ones  found  in  the  military  environ¬ 
ment.  This  study  employs  extensive  work  in  the  field  to:  de¬ 
termine  if  such  factors  exist;  isolate  and  describe  them;  and 
develop  preventive  measures.  The  specific  pilot  research  pro¬ 
gram  designed  to  investigate  in  detail  the  health  problems  of 
female  soldiers  and  how  these  compare  with  those  of  male 
soldiers  and  to  produce  a  descriptive  ethnographic  study  of 
women  in  the  Army  with  specific  focus  on  health  is  in  progress. 
From  the  data  collected  in  this  preliminary  investigation 
hypotheses  are  being  developed  for  later  definitive  studies  in 
vestigating  gender  differences  xn  the  health  of  soldiers.  The 
research  effort  is  concentrated  on  enlisted  members  stationed 
at  Ft.  Meade,  Md.  The  methodologies  being  used  includes  parti¬ 
cipant  observation,  in-depth  questionnaires,  health  diaries  and 
a  study  of  outpatient  records.  Participants  are  selected  from 
the  following  units:  Kimbrough  Army  Hospital  to  include  the 
Community  Mental  Health  Activity  (CMHA) ,  the  Headquarters  Com¬ 
mand,  the  76th  Engineer  Battalion,  the  85th  Medical  Battalion, 
the  519th  Military  Police  Battalion.  Participant  observers 
are  attached  to  the  519th  Military  Police  Battalion  and  the 
Headquarters  Command. 

Progress 

Data  collection  commenced  in  January  1979  and  will  continue 
through  December  1979. 

1.  Health  diaries  have  been  collected  and  analyzed  for 
46  female  and  44  male  soldiers  selected  from  traditional  (admin¬ 
istrative)  and  non-traditional  (field)  units.  Findings  were  as 
follows: 


a.  No  significant  differences  were  found  between 
male  and  female  soldiers'  conceptualization  of  illness. 

b.  Women  soldiers  reported  significantly  more 
health  problems  than  did  men.  This  was  true  whether  or  not 
genital  related  symptoms  were  included. 
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c.  More  health  problems  were  reported  by  both  sexes 
in  non-traditional  (for  women)  MOSs  than  in  traditional  MOSs. 

d.  While  there  were  no  significant  gender  differ¬ 
ences  in  the  overall  number  of  symptoms  reported  women  had  more 
symptoms  referrable  to  the  digestive  and  genital  system  and  re¬ 
ported  more  psychiatric  and  neurological  symptoms  than  did  men. 
Men  reported  more  symptoms  referrable  to  the  musculoskeletal 
system  and  the  respiratory  system  than  did  women. 

e.  There  was  a  significant  relationship  between 
special  events  (did  anything  unusual  happen  today,  good  or  bad?) 
and  symptom  occurrence.  The  result  was  equally  strong  for  men 
and  women. 

2.  Data  has  been  collected,  coded  and  is  presently  being 
analyzed  in  that  part  of  the  study  dealing  with  clinical  bias 
and  the  health  of  female  soldiers. 

3.  In-depth  questionnaires  continue  to  be  administered  to 
study  social  networks  and  support  networks  as  they  relate  to 
stress  and  health  of  the  female  soldier. 

4.  Participant  observors  have  completed  six  months  of 
observations,  one  in  a  "traditional"  unit  and  the  other  in  a 
"non-traditional"  unit.  Observations  will  continue  through  the 
duration  of  the  project. 

5.  Preliminary  data  from  the  study  indicated  two  addi¬ 
tional  areas  worthy  of  exploration: 

a.  A  need  to  deal  specifically  with  the  knowledge 
of  attitudes  about  pregnancy,  birth  control,  venereal  disease, 
abortion  and  genital  related  medical  problems  among  female  and 
male  soldiers.  A  questionnaire  was  developed,  tested  and 
distributed  to  men  and  women  in  both  traditional  and  non-tra¬ 
ditional  units.  The  data  is  now  being  analyzed. 

b.  Another  area  of  concern  is  that  of  achievement 
motivation  in  women.  An  instrument  has  been  developed  and  will 
be  distributed  to  women  in  both  traditional  and  non-traditional 
units  during  the  early  part  of  October  1979. 
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3.  Attrition  Studies 


Description 


The  U.S.  Army  is  presently  suffering  a  significant  pro¬ 
blem  of  first-term  attrition.  Depending  upon  the  post,  six 
to  12  per  cent  of  individuals  entering  BT  are  discharged  prior 
to  the  completion  of  their  initial  training.  Another  30-40%  of 
enlisted  personnel  are  separated  from  the  service  prior  to  the 
completion  of  their  first  tour  of  duty.  The  attrition  problem 
is  a  multi-faceted  one  involving  psychological,  medical,  socio¬ 
logical,  individual,  organizational  and  stress  response  com¬ 
ponents.  Present  levels  of  attrition  represent  a  chronic  problem 
both  in  terms  of  financial  costs,  and  maintenance  of  force 
levels  and  readiness  of  the  Army.  Initial  studies  are  being 
formulated  to  look  primarily  at  the  relationship  of  stress 
and  stress  response  to  rates  of  attrition  in  basic  station 
training,  advanced  individual  training,  and  at  the  first  duty 
station.  During  the  past  year  a  prolonged  series  of  pre-study 
observations  were  carried  out  at  a  basic  training  post  in  the 
eastern  U.S.  (Ft.  Dix) .  Based  upon  the  data  acquired,  a  series 
of  studies  are  presently  under  development.  This  research  will 
be  carried  out  collaboratively  by  the  Department  of  Military 
Psychiatry  with  the  Department  of  Medical  Neurosciences  and  the 
Department  of  Psychiatry,  Uniformed  Services  University  of  the 
Health  Sciences. 

Progress 

Pre-study  observations  and  discussions  were  carried  out 
over  a  four  month  period  at  Ft.  Dix,  New  Jersey.  Extensive 
informal  discussions  were  carried  out  with  the  officers,  cadre 
and  drill  sergeants  of  twelve  training  companies.  One  company 
was  followed,  via  observation  and  informal  discussion  with  both 
cadre  and  trainees,  on  a  weekly  basis  throughout  its  training 
cycle.  In  three  other  companies  both  cadre  and  trainees  were 
observed  and  informal  talks  were  held  at  selected  points  during 
the  training  cycle.  The  materials  gathered  in  the  course  of 
the  pre-study  and  materials  gathered  by  TRADOC  in  recent 
questionnaire  studies  of  training  and  of  stress  and  stress 
coping  problems  of  drill  sergeants,  have  been  considered 
in  the  light  of  past  studies  of  Basic  Training  and  a  series  of 
hypotheses  and  strategies  for  research  have  been  developed. 

These  are  currently  being  integrated  into  an  initial  research 
protocol.  It  is  anticipated  that  all  protocols  will  be  com¬ 
pleted  and  field  studies  commenced  within  the  first  quarter  of 
the  coming  fiscal  year. 
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4.  Health  Aspects  of  Deployment 
Description 

A  number  of  sources  have  indicated  that  illness  rates 
(as  defined  by  clinic  visits)  vary  as  a  function  of  military 
unit  activity,  especially  deployment.  These  illness  rates  rise 
briefly  but  dramatically  during  the  pre-deployment  phase  and 
often  result  in  a  number  of  individuals  not  deploying  with 
their  unit  for  training  or  testing.  This  has  a  serious  poten¬ 
tial  impact  on  (1)  readiness  through  decreasing  training  oppor¬ 
tunities,  and  (2)  medical  facilities  through  increased  patient 
load. 


Illness  and  disease  represent  a  major  obstacle  to  deploy¬ 
ment  of  the  soldier.  The  medical  literature  clearly  indicates 
that  a  broad  range  of  psychological  and  social  factors  determine 
whether  or  not  an  individual  will  experience  a  symptom  of  illness 
and  the  action  taken  in  response  to  that  symptom.  Deployment, 
even  for  brief  periods,  may  represent  a  source  of  considerable 
stress  to  the  soldier  and  his  family.  Epidemiological  studies 
indicate  that  such  stress  can  lead  to  increased  rates  of  illness 
and  disease.  Furthermore,  group  norms  in  respect  to  illness 
behavior  and  the  supports  that  an  individual  receives  from 
his  associates  and  family,  play  an  important  role  in  the  deter¬ 
mination  of  reactions  to  such  stresses  and  thereby  illness  rates 
and  deployability. 

Research  objectives: 

1.  To  determine  the  effect  of  unit  deployment  on  illness 
rates  (as  measured  by  outpatient  sick  call  visits)  of  selected 
combat  and  combat  support  units. 

2.  To  determine  the  role  of  psychosocial  factors  in  deploy¬ 
ment  related  illness  of  the  soldier  by: 

a.  Determining  the  individual's  perception  of  deploy¬ 
ment  related  stressors  and  how  it  relates  to  his  illness. 

b.  Determining  how  group  norms  (derived  from 

work  and/or  recreational  group)  affect  individual  illness  rates 
during  deployment. 

c.  Determining  whether  increased  sick  call  at  time  of 
deployment  is  due  to  an  increase  in  perceived  illness  or  a  change 
in  the  individual's  evaluation  of  and  response  to  symptoms. 
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3.  To  determine  the  role  in  the  individual’s  illness 
behavior  of  problems  experienced  by  the  soldier’s  spouse  or 
children. 


4.  To  study  the  socialization  process  of  the  first-term 
soldier  in  his  new  unit  and  to  determine  how  and  when  norms 
of  illness  behavior  and  response  to  categories  of  symptoms  are 
learned . 

Progress 

The  formal  research  protocol  is  being  written.  Informal 
contacts  have  been  made  with  potential  study  units.  This  re¬ 
search  will  be  initiated  at  the  beginning  of  the  next  calendar 
year. 


5,  Conditions  of  Psychiatric  Casualties  Under  Catastrophic 
Conditions 

Description 

A  considerable  amount  of  research  effort  has  been  dedicated 
to  understanding  the  dynamics  underlying  the  generation  of 
psychiatric  problems  in  combat.  During  periods  when  US  military 
forces  are  not  engaged  in  combat,  such  problems  are  not  normally 
available  for  study.  Disaster  research  has  been  considered  as 
offering  a  possible  model  which  seems  to  present  an  opportunity 
to  study  highly  stressful  situations  and  their  psychiatric 
sequellae.  If  these  stressful  situations  are  analagous  to 
military  combat,  useful  generalizations  to  military  populations 
concerning  generation  of  psychiatric  casualties  might  be  possible. 

Progress 

Three  general  areas  of  consideration  for  such  research  are 
discussed.  These  are:  1.  Empirical  (which  includes  a 
determination  of  whether  civilian  disasters  generate  psychiatric 
causalties) ;  2.  Theoretical  (which  includes  discussion  of  the 
problems  inherent  in  generalizing  from  civilian  to  military 
populations);  and  3.  Methodological  (which  includes  problems 
inherent  in  disaster  research). 

1)  Empirical  Area 

Almost  all  persons  who  directly  experience  a  disaster 
or  who  closely  identified  with  disaster  victims  suffer  some  form 
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of  acute  physiological  or  emotional  stress  response  (Janis,  1951; 
Fritz  and  Marks,  1954),  but  the  evidence  suggests  that  those 
responses  are  of  relatively  short  duration  and  do  not  usually 
result  in  chronic  neurotic  symptomatology.  Most  of  the  evidence 
suggests,  in  fact,  that  there  may  be  an  actual  decrease  in  the 
incidence  of  all  forms  of  emotional  illness  (Fritz,  1961). 

Thus,  civilian  populations  probably  are  not  appropriate 
to  use  as  models  to  study  variables  which  relate  to  the  gener¬ 
ation  of  psychiatric  dysfunction  due  to  the  expected  small 
number  of  such  casualties.  Further,  the  timely  identification 
of  sufficient  numbers  of  affected  individuals  for  study  might 
not  be  possible. 

2)  Theoretical  Considerations 

A.  Primary  Motivation:  A  civilian  is  likely  to  be  con¬ 
cerned  with  search  and  rescue,  with  rebuilding  beginning  very 
quickly.  A  soldier  is  likely  to  only  have  to  continue  his  job 
("soldiering"  or  fighting).  Motivation  to  get  started  and  keep 
functioning,  with  personal  property  and  family  comfort  involved, 
might  be  quite  different  for  the  civilian  and  the  soldier.  The 
effect  of  "doing  something  for  myself"  could  have  a  profound  in¬ 
fluence  on  the  state  of  individual  psychiatric  functioning. 

B.  Trained  responses:  Civilians  generally  have  no  pre¬ 
specified  job  or  task,  although  most  soldiers  would.  Comparing 
responses  of  a  population  whose  lives  have  been  totally  disrupted 
and  who  must  learn  entirely  new  (albeit  temporary)  behavior  pat¬ 
terns,  with  those  of  a  population  which  has  a  "trained  response" 
might  not  be  methodoligically  sound.  It  is  unknown  whether  these 
"trained  responses"  and  the  presence  of  a  relatively  well-de¬ 
fined  job  and  organization  help  protect  the  soldier  against 
certain  types  of  breakdown. 

C.  Medical  channels  and  secondary  gain:  It  is  likely  that 
some  of  the  chief  determinants  of  severity  and  persistance  of 
psychiatric  symptoms  are  the  potential  consequences  of  such 
symptoms.  For  a  soldier  continuation  of  symptoms  may  lead  not 
only  to  permanent  removal  from  combat  but  a  medical  pension  as 
well. 

The  civilian  may  be  better  off  staying  in  the  impact  area, 
where  he  can  salvage  personal  goods  and  property,  and  aid  and 
commiserate  with  neighbors  and  friends.  Thus  the  secondary 
gain  of  symptom  formation  and  special  treatment  (including 


1874 


escape)  probably  does  not  play  an  important  role  in  the  genesis 
of  behavioral  problems  in  a  civilian  population. 

D.  Social  support  system:  The  civilian  is  likely  to  be  in 
the  immediate  area  of  family  and  work,  but  strongest  ties  for 
the  soldier  might  be  "back  home".  The  nature  of  combat  soldiers' 
social  support  systems  is  likely  to  be  qualitatively  ann  quanti¬ 
tatively  different  from  that  of  civilians. 

E.  Demographic  variables:  Age  and  sex  are  important  corre¬ 
lates  of  psychiatric  dysfunction.  They  affect  both  the  probabi¬ 
lity  that  a  symptom  will  be  expressed  and  the  prognosis  of  treat¬ 
ment.  Soldiers  are  young  and  male,  and  quite  atypical  of  the 
population  in  general. 

3)  Methodological  Problems 

There  is  a  considerable  array  of  methodological  prob¬ 
lems  which  must  be  dealt  with  to  effectively  conduct  disaster 
research . 


A.  Our  primary  data  would  be  retrospective. 

B.  Sampling  techniques  are  likely  to  be  haphazard  and  un¬ 
representative  to  general  confusion  and  presence  of  outsiders 
(Fritz  and  Mathewson,  1957). 

C.  Emotional  involvement  with  victims  is  likely  to  cloud 
the  investigator's  objectivity  and  to  introduce  additional  bias. 
This  can  be  overcome  but  requires  extensive  training  and  some 
considerable  amount  of  interviewer  experience.  Refresher  train¬ 
ing  would  likely  be  continually  required. 

D.  Disaster  areas  are  frequently  hard  to  reach  physically, 
and  transportation  may  be  disrupted  both  by  damage  and  convergence 
of  crowds  to  the  disaster  area  (Fritz  and  Mathewson,  1957). 

Summary:  The  disaster  literature  indicates  that  the  inci¬ 
dence  of  psychiatric  dysfunction  (beyond  transient  and  mild 
acute  effects)  in  disaster  struck  populations  may  be  so  low  as 
to  make  systematic  large  sample  studies  unfruitful.  Even  if  a 
sufficient  number  of  such  casualties  could  be  identified  and 
contacted  there  exist  a  number  of  theoretical  problems  to  be 
resolved  before  results  could  be  meaningfully  generalized  to 
military  populations.  These  considerations  along  with  the  for¬ 
midable  practical  difficulties  of  such  work,  suggest  that 
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study  of  civilian  disasters  would  be  neither  feasible  nor  cost 
effective. 
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Keyes,  C.F.,  The  Karen,  I.S.H.I.  Press,  Philadephia,  1979. 
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23.  (U)  To  examine  neuroendocrine  and  neurochemical  correlates  of  stressors  specific 
to  the  military  environment.  Types  of  stress  to  be  studied  will  include  shock  extremes 
of  heat  and  cold,  psychological  stress,  as  well  as  desynchronization  of  circadian 
rhythm  and  continuous  performance. 

24.  (U)  Laboratory  and  field  studies  will  examine  the  neuroendocrine  response  to 
psychological  stressors,  ambient  temperature  extremes,  transmeridian  desynchronization, 
and  continuous  performance.  These  resoonses  will  be  correlated  with  simultaneously- 
obtained  data  on  performance  decrement  in  the  same  subjects  and  work/rest  schedules. 
Hormonal  responses  will  provide  bases  for  inferences  concerning  central  nervous  system 
neurotransmitter  pathways  essential  to  adaptation  to  stress,  and  optimization  of  work/ 
rest  schedules.  This  information  is  used  to  recommend  pharmacoloaic  and  other  therapies 
Includes  studies  of  physiological  effects  of  hormones  as  well  as  assay  development. 

25.  (U)  Further  studies  have  shown  that  naloxone  reverses  hypotension  in  rats  sub¬ 
jected  to  hypovolemic  or  spinal  shock  and  significantly  improves  survival  in  hypo¬ 
volemic  shock.  In  dogs  subjected  to  endotoxic  or  hypovolemic  shock,  naloxone  improved 
left  ventricular  contractility,  cardiac  output,  and  stroke  volume  and  24-hour  survival 
was  significantly  improved  in  both  groups.  Studies  are  continuing  on  the  effect  of 
contingency  management  on  hormonal  indices  of  stress  and  aroup  behavior  under  continuous 
performance  requirement.  Preliminary  results  in  2  groups  suggest  that  24-hour  urinary 
testosterone  correlates  positively  with  dominance/submissiveness  behavior  in  a  subject 
added  in  mid-experiment  to  an  already  established  social  situation.  For  technical 
report  see  Walter  Reed  Army  Institute  of  Research  Annual  Progress  Report,  1  Oct  78  - 
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Project  3E/62771A804  MILITARY  PSYCHIATRY 

Work  Unit  044  Neuroendocrine  Response  to  Military  Stress 

Investigators. 

Principal:  James  L.  Meyerhoff,  M.D. 

Associate:  G.  Jean  Kant,  Ph.D.,  J.W.  Holaday,  Ph.D.,  MAJ 

Gregory  L.  Belenky,  M.D.,  Edward  H.  Mougey,  M.S., 
David  R.  Collins,  B.S.,  Lee  L.  Pennington,  B.S. 

Our  approach  emphasizes  patterns  of  neuroendocrine  response 
rather  than  the  potentially  misleading  study  of  single  neuroendocrine 
systems.  A  major  immediate  goal  is  to  define  in  detail  the  charac¬ 
teristic  hormone  response  profiles  for  various  stressful  stimuli: 
effect  of  multiple  stressors,  environmental  factors  such  as 
continuous  performance  requirements,  transmeridian  desynchronization 
and/or  ambient  temperature,  biological  factors  such  as  differences 
in  sex  or  age,  or  effects  of  pain  or  neural  injury.  Understanding 
the  impact  of  these  factors  often  requires  laboratory  experiments 
which  pursue  leads  developed  in  field  studies  and  support  work  in 
the  Departments  of  Military  Psychiatry  and  Military  Medical  Psycho¬ 
physiology.  Hormonal  response  to  stressors,  for  example,  which  can 
be  observed  in  both  field  and  laboratory  studies,  provides  a 
critical  link  in  facilitating  coordination  between  those  two 
efforts.  Studies  of  neurochemical,  neurophysiological  and  neuro- 
anatomical  regulation  of  the  body's  response  to  stress  provides  a 
means  of  interpreting  the  field  data.  Rational  design  of  prevention 
and  treatment  regimens  for  neuropsychiatric  illness  induced  by 
military  stress  requires  interpretation  of  the  hormonal  response 
profiles  for  stress  in  terms  of  the  neurochemical  systems  producing 
the  response.  Hormone  profiles  are  measured  in  clinical  and  animal 
studies  as  indicators  of  stress;  they  provide  a  basis  for  infer¬ 
ences  about  changes  in  brain  function.  For  example,  plasma  prolactin 
levels  provide  a  sensitive  indication  of  the  degree  of  central 
dopaminergic  blockade  induced  by  antipsychotic  medication  (1). 

Growth  hormone  secretion  is  stimulated  by  central  catechol  ami nergic 
systems  and  is  markedly  increased  during  slow  wave  sleep  (2,3,4). 
Thus,  biochemical  measurements  may  provide  a  useful  measure  of 
adequacy  of  rest  periods  during  continuous  performance  studies. 
Additional  neurochemical  studies  in  animals  will  directly  examine 
effects  of  stress  in  neurochemical  activity  of  the  brain  and  explore 
physiological,  dietary,  and  pharmacologic  methods  for  preventing 
stress-induced  psychologic  and  physiologic  disease. 

A  new  and  increasingly  important  area  of  research  concerns  the 
role  of  pituitary  and  brain  peptide  hormones  in  adaptation  to 
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environmental  stressors.  Host  promising  are  peptide  subunits  of 
beta  lipotropic  hormone  (gLPH).  $LPH  was  isolated  from  pituitary 
glands  and  characterized  by  Li  in  1964  (5).  Its  major  function  was 
thought  to  be  1 i polysis  and  liberation  of  free  non-esterified  fatty 
acids.  Recently,  however,  interest  has  focused  on  a  LPH  peptide 
fragment  composed  of  amino  acids  31  through  91  of  aLPH.  This  peptide 
has  been  named  Beta-endorphin  (aE).  It  is  a  very  potent  analgetic 
and  hypothermic  agent.  Immunocytochemical  studies  have  demonstrated 
intense  staining  for  both  a  endorphin  (aE)  and  a  endorphin  (aE)  in 
the  pars  intermedia  of  the  rat  pituitary,  with  discrete  cells 
staining  positively  in  the  anterior  pituitary  as  well  and  with  no 
staining  in  the  pars  nervosa  (6).  While  the  6  endorphin  antibody 
was  highly  specific  for  that  peptide,  the  a  endorphin  antibody 
cross-reacted  considerably  with  3  lipotropic  hormone  (aLPH),  which 
was  previously  demonstrated  to  be  present  in  the  pars  intermedia 
and  pars  distal is  (7).  The  function  of  the  pars  intermedia  is  not 
known  with  certainty.  It  has  been  associated  with  melanocyte 
stimulating  hormone  (MSH)  (8),  adrenocortical  stimulating  hormone 
(ACTH)  (7)  as  well  as  aLPH  (7).  We  are  interested  in  assessing  the 
role  of  the  pituitary  as  the  source  of  circulating  endorphins  and 
investigating  the  interrelationship  among  endorphins  and  hypothalamic, 
pituitary,  and  adrenal  hormones.  It  is  known  that  endorphins  are 
found  in  the  pituitary  gland  and  in  brain,  they  possess  antinoci¬ 
ceptive  activity  and  we  believe  they  may  be  involved  in  thermo¬ 
regulation  and  cardiovascular  shock  as  well.  Several  important 
questions  remain  to  be  addressed.  Can  endorphins  be  measured  in 
blood?  Are  they  released  from  the  pituitary?  If  so,  what  regulates 
their  release?  What  are  the  physiological  and  psychological  roles 
of  the  endorphins,  if  any?  The  potential  relevance  of  these  questions 
to  military  medicine  is  illustrated  by  the  data  of  Beecher  (10)  who 
studied  the  management  of  pain  in  soldiers  wounded  in  combat  in 
WWII.  Of  215  severely  wounded  soldiers,  32.1%  reported  no  pain  and 
25.6%  only  slight  pain.  Are  endorphins  released  in  response  to 
trauma  or  pain? 

It  has  long  been  recognized  that  the  cardiovascular  system  is 
exquisitely  sensitive  to  the  effects  of  exogenous  opiates  (11,12). 

In  rats,  less  than  one  percent  of  the  morphine  dose  necessary  to 
produce  antinociception  results  in  significant  hypotension  and 
bradycardia  (13).  The  endogenous  opiate,  Met-enkephalin,  also  has 
potent  hypotensive  effects  (14,15).  It  is  now  known  that  another 
endogenous  opiate,  a  Endorphin,  is  concomitantly  stored  and 
simultaneously  regulated  along  with  pituitary  adrenocorti cotropin 
(ACTH)  (16,17)  since  stressors  appear  to  result  in  the  release  of 
both  peptides  (16,17,18),  it  appears  possible  that  stress-induced 
release  of  a  Endorphin  may  result  in  alterations  in  blood  pressure. 

We  have  now  demonstrated  that  intravenous  a  endorphin  produces 
hypotension. 
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The  administration  of  bacterial  lipopolysaccharide  endotoxin 
in  animals  has  often  been  used  as  a  model  of  human  septic  shock 
(19,20).  It  has  been  suggested  that  the  profound  hypotension 
induced  by  endotoxin  is  mediated  through  the  release  of  endogenous 
substances  (19,20).  We  hypothesized  that  if  endorphins  were 
functionally  released  by  endotoxins  and  involved  in  the  hypotensive 
effects  produced  by  endotoxins,  then  blockade  of  endorphins  should 
reverse  such  hypotension  (21).  To  test  this  hypothesis,  we 
employed  naloxone,  a  specific  opiate  antagonist,  in  studies  of 
blood  pressure  changes  following  endotoxin  administration  to  conscious 
rats.  Our  results  demonstrated  that  naloxone  not  only  rapidly 
reversed  endotoxin-induced  hypotension,  but  also  prophylactically 
blocked  its  occurrence. 

Of  greater  immediate  importance  to  battlefield  casualty 
management  and  care,  we  studied  the  effects  of  naloxone  in  a  conscious 
rat  model  of  hemorrhagic  shock  as  well  as  following  cervical  spinal 
cord  transection  (spinal  shock)  in  unconscious  rats  (22,23). 

In  the  rat  model  cf  hemorrhagic  shock,  rats  were  bled  through  a 
chronically  indwelling  intravenous  cannula  until  they  reached  a  mean 
arterial  pressure  (MAP)  of  approximately  40  mm  Hg.  After  being 
maintained  at  this  hypotensive  level  for  20  min.  by  appropriate 
adjustments  in  the  amount  of  blood  removed,  rats  were  treated  with 
equivalent  volumes  of  either  saline  (n  =  15)  or  naloxone  (1  mg/Kg, 
n  =  15),  and  blood  pressure  was  monitored  for  an  additional  2  hrs. 

The  naloxone-injected  group  showed  a  rapid  improvement  in  MAP  and 
pulse  pressure  which  persisted  at  significantly  higher  levels  than 
observed  for  saline- treated  rats  over  the  first  1-2  hours  following 
injections.  Moreover,  24  hour  survival  was  significantly  improved 
in  the  naloxone-treated  group. 

Since  spinal  cord  transection  is  known  to  produce  a  condition 
termed  "spinal  shock"  which  is  characterized  in  part  by  hypotension, 
we  investigated  the  effects  of  naloxone  in  this  pathological  state 
as  well.  Following  laminectotny  at  the  cervical  region,  a  suture 
was  placed  extradural ly  around  the  cord  at  the  level  of  C6-C7.  As 
before,  rats  were  affixed  with  an  intravenous  cannula  and  tail- 
artery  cannula.  In  addition,  a  number  of  rats  were  provided  with 
ventricular  transcranial  guide  tubes  which  allowed  for  intrathecal 
administration  of  drugs  directly  into  the  right-lateral  ventricle. 
Following  cervical  cord  transection  by  a  sharp  pull  on  the  ligature 
in  these  anesthetized  rats,  MAP  and  PP  dropped  precipitously. 
Subsequently,  (-)  naloxone  (10  mg/Kg)  or  an  equivalent  volume  of 
saline  were  administered  intravenously.  In  the  rats  with  intra- 
cranially  implanted  ventricular  guide  tubes,  either  (-)  naloxone 
(48  yg),  (+)  naloxone  (48  yg),  or  water  vehicle  were  injected. 

An  equivalent  improvement  in  MAP  and  PP  was  seen  following 
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(-)  naloxone  administration  intravenously  or  intraventricularly. 

By  contrast,  the  (+)  stereoisomer  of  naloxone  (which  is  pharmaco¬ 
logically  inert)  as  well  as  drug  vehicles  were  without  effect  on 
these  measures. 

These  findings  not  only  provide  evidence  of  an  endorphin 
involvement  in  the  pathophysiology  of  yet  another  shock  model 
(spinal  shock),  but  also  provide  important  insights  into  the 
mechanism  of  action  of  naloxone  in  producing  its  therapeutic 
benefits.  The  (+)  stereoisomer  of  naloxone,  which  is  known  to  be 
pharmacologically  inactive  at  opiate  receptors,  is  also  inactive 
in  improving  MAP  and  PP  in  spinal  shock.  This  indicates  an  involve¬ 
ment  of  endorphins  at  opiate  receotor  sites.  Moreover,  since 
injections  of  small  amounts  of  (-)  naloxone  directly  into  the 
ventricles  provide  quantitatively  and  qualitatively  similar  results 
fn  improving  MAP  and  PP,  this  indicates  that  the  endorphinergic 
involvement  in  the  pathophysiology  of  spinal  shock  is  probably 
mediated  through  cardiovascular  regulatory  centers  in  the  central 
nervous  system.  Finally,  since  vagotomy  blocks  the  effects  of  (-) 
naloxone  in  spinally  transected  rats,  evidence  is  provided  to 
support  our  hypothesis  that  endorphinergic  systems  mediate  their 
cardiovascular  effects  through  parasympathetic,  vagal  inputs  into 
the  heart. 

In  collaboration  with  Dr.  David  G.  Reynolds,  Director  of 
Surgical  Research,  University  of  Iowa  Hospitals  and  Clinics,  we  have 
completed  additional  studies  on  canine  endotoxic  and  hemorrhagic 
shock.  These  experiments  confirmed  and  extended  rat  studies  since 
it  was  shown  that  naloxone  affects  its  increase  in  blood  pressure 
through  increasing  cardiac  contractility,  not  through  an  alteration 
of  peripheral  resistance. 

In  pentobarbital -anesthetized  dogs,  Swan-Ganz  catheters  were 
implanted  through  the  femoral  vein  to  allow  for  measurements  of 
pulmonary  wedge  pressures  as  well  as  cardiac  output  by  the  thermo¬ 
dilution  technique.  Dogs  were  then  given  either  endotoxin  or 
subjected  to  hemorrhage  at  40  mm  Hg  for  1  hr.  As  in  the  rat  studies, 
(-)  naloxone  (2  mg/Kg)  or  an  equivalent  volume  of  saline  was  then 
administered  intravenously.  Left  ventricular  contractility 
(measured  by  means  of  a  pigtail  catheter  inserted  into  the  left 
ventricle),  cardiac  output,  and  calculated  stroke  volume  were 
significantly  improved  only  in  the  naloxone-treated  dogs.  By 
contrast,  venous  return,  pulmonary  wedge  pressures,  and  calculated 
total  peripheral  resistance  were  unaffected  by  naloxone.  These  data 
were  obtained  in  both  dog  models  of  shock  and  indicate  that  naloxone 
produces  its  therapeutic  benefit  through  improving  cardiac  perform¬ 
ance  as  opposed  to  an  Involvement  of  improved  venous  return  or 
altered  peripheral  resistance.  Moreover,  In  both  of  these  dog 
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models,  survival  at  24  hours  was  significantly  improved  by 
naloxone. 

Thus,  these  studied  on  rats  and  dogs  not  only  demonstrate  a 
possible  pathophysiological  role  for  stress-induced  release  of 
endorphins,  but  also  point  to  the  importance  of  narcotic  antagonists 
such  as  naloxone  in  battlefield  care  and  management  of  shock  states. 

In  summary,  investigations  on  the  site  and  mechanism  of  endorphin 
involvement  in  shock  pathophysiology  reveal  that  these  effects  are 
probably  caused  by  endorphins  which  subsequently  affect  para¬ 
sympathetic  centers  in  the  central  nervous  system  to  increase  vagal 
tone  and  thus  decrease  cardiac  performance.  Current  research,  which 
is  presently  underway,  suggests  that  the  endorphins  which  produce 
these  deleterious  effects  are  of  probable  pituitary  origin. 

In  collaboration  with  CPT  Bruce  Cuthbert  of  the  Physiology  and 
Behavior  Branch  we  have  completed  a  preliminary  study  of  the  effects 
of  intravenous  injection  of  beta-endorphin  on  respiration,  heart 
rate,  blood  pressure  and  operant  performance  in  the  Rhesus  Monkey. 
Marked  hypotension  and  tachycardia  were  observed  and  fixed-interval 
and  fixed-ratio  operant  performance  were  briefly  disrupted.  A  dose 
of  phentoamine  which  produced  similar  hypotension  and  tachycardia 
failed  to  disrupt  operant  performance.  Respiration  rate  and 
amplitude  were  unaffected  by  beta-endorphin  in  doses  of  5  and  20  mg. 
Beta  endorphin  has  been  shown  to  have  analgetic  potency  (24).  We 
have  an  approved  protocol  to  compare  the  effect  of  analgetic  doses 
of  beta  endorphin  and  morphine  on  respiration,  blood  pressure  and 
heart  rate  in  monkeys,  using  a  shock-titration  technique.  If  BE 
produces  less  respiratory  and  circulatory  depression  than  equi- 
analgetic  doses  of  morphine,  BE  might  be  preferable  in  some  instances 
as  a  clinical  anagetic. 

Collaborative  studies  with  Dr.  Joseph  V.  Brady  at  Johns  Hopkins 
University  have  been  examining  the  effect  of  contingency  management 
on  performance  on  a  group  task  continuously  performed  over  many  days. 
This  experiment  studied  the  effects  of  two  incentive  conditions, 
i .e, ,  positive  and  negative  reinforcement,  on  individual  and  social 
behavior  within  a  three-person  group  residing  in  a  programmed 
environment.  Such  effects  were  evaluated  by  comparisons  between 
conditions  of  work-task  productivity,  ratings  of  interpersonal 
adjustment  and  of  intrapersonal  "mood"  status,  e.g. ,  depression,  and 
other  measures.  Performance  was  monitored  on  the  Alluisi  Multiple 
Task  Performance  Battery  within  a  duty  station  which  could  be  occupied 
by  subjects  one  at  a  time  on  a  self-determined  rotational  basis 
continually  over  a  24  hour  period.  Heart  rate,  skin  potential, 
frontalis  EMG,  and  skin  temperature  were  recorded  during  work,  and 
total  24  hour  urine  volume  was  collected  for  analysis  of  testosterone 
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and  cortisol  levels.  The  substitution  of  aversive  for  appetitive 
control  produced  lowered  productivity,  episodes  of  disruptive 
behavior,  reports  of  depression  and  anger  at  experimenters  but  no 
changes  in  urinary  free  cortisol  in  preliminary  experiments.  Mean 
daily  urinary  free  cortisol  levels  did  correlate  positively 
however,  with  mean  daily  scores  on  the  multiple  task  performance 
battery  (five  concurrent  tasks).  Further  studies  have  been  carried 
out  examining  the  effect  on  performance  and  hormone  excretion  of  the 
addition  of  a  group  member  in  mid-experiment.  Preliminary  results 
in  two  groups  suggest  that  24  hr  urinary  testosterone  correlates 
positively  with  dominance/submissiveness  behavior  in  a  subject  added 
in  mid-experiment  to  an  already  established  social  situation.  An 
analysis  of  testosterone  levels  obtained  from  the  24  hr  total  urine 
volume  collected  during  experiments  showed  inverse  relationships  to 
the  experimental  manipulations  of  size  and  composition  of  a  group. 

In  the  first  group  the  testosterone  levels  of  established  2-person 
group  members  dropped  when  the  novitiate  member  was  introduced  and 
then  returned  to  baseline  levels  when  he  was  withdrawn.  Signifi¬ 
cantly  the  novitiate  member's  testosterone  levels  were  consistently 
elevated  in  comparison  to  his  team  mates  and  he  also  showed 
corresponding  elevations  on  the  "Dominance"  factors  associated  with 
the  pre-mission  screen  battery.  In  the  2nd  group,  the  novitiate 
team  member  showed  diminished  testosterone  levels  and  he  also  showed 
the  lowest  value  on  the  pre-mission  "Dominance"  scores.  These 
observations  show  the  influence  of  personal  history  (ie,  individual 
difference  variables)  and  role  differential  as  assessed  from 
behavior,  physiology,  and  psychometric  perspectives  on  the  potential 
personal  re-adjustments  and  inter-personal  challenge  that  a  qroup 
must  manage  successfully  when  a  change  in  membership  occurs.  The 
introduction  of  a  third  subject  into  the  experimental  situation  did 
not  affect  secretion  of  urinary  cortisol. 

A  study  of  basic  training  at  Fort  Dix  has  been  initiated  in 
collaboration  with  the  Departments  of  Psychiatry,  Division  of 
Neuropsychiatry  and  the  Uniformed  Services  University  of  the  Health 
Sciences.  As  a  result  of  preliminary  surveys,  the  Drill  Sergeants 
have  been  selected  as  a  population  for  further  study,  having  shown 
symptoms  indicative  of  a  high  degree  of  job-related  stress.  A 
study  is  being  planned  incorporating  biochemical  measures  to 
quantify  the  endocrine  response  to  stress  in  this  population. 

In  collaboration  with  the  Nephrology  Service,  WRAMC,  and  the 
Department  of  Military  Medical  Psychophysiology,  a  member  of  our 
staff  is  using  solid  state  actigraphs  to  study  24  hr  activity 
patterns  in  renal  failure  patients  on  hemodialysis  or  following 
successful  renal  transplantation.  The  purpose  of  these  studies  is 
to  provide  objective  evidence  of  the  degree  of  rehabilitation 
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provided  by  transplantation  as  measured  by  activity  levels.  It 
should  be  feasible  to  use  this  technology  in  assessing  rehabilita¬ 
tion  in  other  disease  states. 

Additional  studies  have  been  planned  with  the  Department  of 
Military  Medical  Psychophysiology  on  the  hormonal  indices  of  trans 
meridian  desynchronization  and  effects  of  prophylactic  measures. 
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Description. 

This  field  unit,  stationed  in  West  Germany  with  the  US  Army  Europe 
and  Seventh  Army,  identifies  and  investigates  physical,  psycho¬ 
logical,  social,  and  organizational  factors  bearing  on  individual 
and  unit  performance  and  combat  readiness.  Initial  efforts  have 
focused  on  three  areas  identified  by  commanders  as  important 
concerns  within  the  European  theater. 

BIOMEDICAL  ASPECTS  OF  CONTINUOUS  PERFORMANCE 


A  central  Soviet  Army  doctrine  calls  for  continuous  combat  "night 
and  day,  without  let-up,  until  the  enemy  is  defeated."  Until  very 
recently,  the  implications  of  this  for  the  US  Army  were  felt  to 
be  primarily  technological,  centering  on  the  need  for  more  and 
better  night  vision  devices.  In  summer  of  1977,  however,  Fifth 
Corps  Artillery  approached  WRAIR  with  a  request  for  information 
on  the  ability  of  their  soldiers  to  endure  the  physical  and  psycho¬ 
logical  stress  they  would  face  in  the  sustained  high  intensity  combat 
their  planning  scenarios  outlined  for  Europe.  They  hoped,  in  addi¬ 
tion,  for  some  indication  of  leadership  traits  essential  in  maximizing 
performance  under  such  conditions.  Experimental  manipulations 
were  of  course  not  possible,  but  extensive  observations  of  a  typical 
cannon  battalion  were  made  over  the  course  of  a  seven  month  period, 
both  in  garrison  and  during  field  training.  Both  active  duty  soldiers 
and  their  families  were  included  in  these  observations,  which  were 
supplemented  by  interviews,  questionnaires,  personnel  and  medical 
records  screens,  and  examination  of  third  party  evaluations  like 
the  annual  Army  General  Inspection  and  Nuclear  Surety  Evaluation. 
The  general  strategy  was  to  examine  the  applicability  of  well-con¬ 
trolled  laboratory  findings  to  this  specific  real-world  situation, 
and  to  discover  possible  "fault  iines"  along  which  such  a  unit  might 
crack  under  the  stress  of  continuous  operations. 


Findings  can  be  organized  under  four  general  headings.  In  the  area 
of  Fatigue  and  Performance,  it  was  clear  that  in  the  field,  as  in 
the  laboratory,  it  was  psychological  rather  than  physiological  ex¬ 
haustion  that  is  the  critical  problem  with  sleep  deprivation.  Decision¬ 
makers,  and  others  whose  jobs  are  primarily  cognitive,  not  only 
are  more  affected  by  lack  of  sleep,  but  precisely  because  they 
are  in  responsible  positions,  get  significantly  less  sleep  than  those 
with  more  labor-intensive  jobs.  They  also  have  most  difficulty 
recognizing  and/or  admitting  the  decrements  in  their  own  perfor¬ 
mance,  which  differ  in  kind  from  those  of  the  heavy  laborers. 

The  latter  do  less  work  as  they  grow  fatigued,  the  former  do  worse 
work,  though  in  both  cases  it  is  self-paced  or  self-initiated  work 
rather  than  transient  responses  to  external  demands  which  is  af¬ 
fected. 

Many  of  the  factors  historically  associated  with  high  rates  of  neuro¬ 
psychiatric  casualties  are  present  in  current  combat  scenarios: 
initlalTcontact  by  green  troops,  intense  artillery  and  aerial  bombard¬ 
ment,  high  casualty  rates,  defensive  operations,  poor  communi¬ 
cations,  physical  fatigue.  We  found,  in  addition,  widespread  scepti¬ 
cism  about  plans  for  evacuation  of  families  (in  an  increasingly 
married  Army),  little  chance  for  soldiers  to  develop  close  inter¬ 
personal  bonds  due  to  high  turnover  rates,  and  a  very  clear-cut 
vertical  segregation  of  enlisted,  NCO,  and  officer  ranks,  charac¬ 
terized  at  each  level  by  lack  of  respect  for  and  confidence  in  members 
of  the  other  two  levels.  Historical  data  suggest  that  these  factors 
too  are  associated  with  high  levels  of  neuropsychiatric  casualties. 

A  friendly  and  relaxed  leadership  style,  exhorting  and  reminding 
rather  than  ordering,  seemed  to  work  best  with  tired  soldiers,  though 
tired  leaders  unfortunately  tend  to  opt  for  the  less  demanding 
autocratic  style  as  fatigue  increased.  Emphasis  on  "zero  defects," 
the  belief  that  one  mistake  ends  a  career,  an  adversary  relationship 
between  tester  and  tested,  and  personnel  and  training  policies 
apparently  overrating  short-term  achievement  were  all  identified 
as  problem  areas  for  leadership.  Consequences  were  that  officers 
assumed  the  jobs  of  (possibly)  less  competent  subordinates,  competent 
soldiers  were  assigned  more  and  more  of  the  work  of  their  less 
competent  peers,  training  centered  solely  on  the  next  evaluation, 
cross-training  was  ignored,  and  command  universally  viewed  as 
an  impossible  job,  to  be  endured  only  as  long  as  advancement  re¬ 
quired. 

Morale  was  generally  low,  despite  concentrated  efforts  to  remedy 
sources  of  soldier  unhappiness  throughout  Germany  during  the  course 
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of  the  study.  It  is  suggested  that  this  is  because  remedial  efforts 
on  personal  problems,  while  the  major  unmet  need,  among  young 
single  troops  especially,  is  social.  Acceptance  in  a  mutually  sup¬ 
portive  group,  crucial  in  combat,  and  apparently  in  peace,  was 
constantly  sought.  Rotations,  details,  centralization,  and  the 
verticle  segregation  cited  above  made  it  difficult  to  form  such 
groups  along  organizational  lines.  Race  and  drugs  then  served 
as  axes  around  which  such  groups  would  form  instead.  Those 
unwilling  or  unable  to  join  such  groups  (i.e.,  NCO's  and  officers, 
married  soldiers  and  their  wives)  then  found  themselves  without 
the  social  support  which  might  otherwise  make  living  in  a  strange 
country  far  from  home  and  family  easier  to  bear. 

The  study  concludes  with  a  list  of  concrete  recommendations 
for  change. 


EPIDEMIOLOGY  OF  ADMINISTRATIVE  DISCHARGES 

A  continuing  and  very  serious  problem  to  the  US  Army,  not  only 
in  Europe,  but  world  wide,  is  the  very  high  rate  at  which  apparently 
fully  qualified  enlistees  fail  to  complete  their  first  enlistment. 
Attrition,  as  it  is  often  called,  is  over  40%  when  washouts  from 
basic  training  are  included.  In  Europe,  a  battalion  a  month  goes 
home  on  "administrative  discharge."  Nearly  all  of  these  stem 
from  some  form  of  maladaptive  behavior,  e.g.,  continuing  drug 
or  alcohol  abuse,  lack  of  motivation,  attitude,  or  self-discipline, 
inept  duty  performance,  or  simple  inability  to  adapt  socially  or 
emotionally  (An  additional  company  a  month  is  incarcerated  or 
otherwise  lost  to  the  command  for  criminal  behavior).  In  an  effort 
to  find  out  exactly  who  ends  up  iii  this  lost  battalion,  and  why, 
investigators  screened  the  personnel  records  of  all  soldiers  leaving 
Europe  for  administrative  reasons  during  one  entire  month  (N 
=  649).  In  addition,  in-depth  interviews  were  conducted  with  a 
10%  sample,  focusing  on  military  careers,  from  enlistment  moti¬ 
vation  to  feelings  about  leaving  the  service. 

The  detailed  demographic  profile  of  these  discharges  of  April 
1978  is  remarkable  primarily  for  its  real  lack  of  distinguishing 
features.  Compared  to  the  total  junior  enlisted  population  in 
Europe  at  that  time  (pay  grades  E1-E4),  they  contain  about  the 
right  proportions  of  blacks  and  women,  married  and  single.  They 
come  in  a  variety  of  job  fields,  including  combat  arms  in  about 
the  quantity  that  might  be  expected  on  a  purely  numerical  basis. 
Food  Service  sticks  out  as  the  only  career  field  contributing 
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disproportionately,  and  only  13  came  from  jobs  which  required 
skills  other  than  their  primary  specialty.  Indeed  they  were  slightly 
younger  than  the  average  private,  and  had  spent  slightly  less  time 
in  Europe  and  in  the  service,  but  these  differences  were  slight, 
and  in  a  way  predetermined  by  our  selection  criterion  of  premature 
discharge.  As  in  a  number  of  earlier  studies,  absence  of  a  high 
school  diploma  was  the  best  distinguishing  feature  of  the  demo¬ 
graphic  variables,  but  even  in  this  instance,  less  than  half  the 
sample  had  dropped  out  of  school,  and  25%  of  the  control  group 
had  also  done  so. 

Those  we  interviewed  were  no  more  unusual.  Almost  all  had 
enlisted  assuming  they  would  return  to  the  civilian  job  market 
with  coveted  skills.  Some  had  no  concept  at  all  of  what  to  expect 
in  the  Army,  and  now  they  were  leaving,  angry  with  the  Army, 
but  happy  to  go.  A  much  larger  group  was  disappointed,  both 
with  the  Army  and  with  being  discharged.  They  had  enlisted  with 
far  fewer  illusions,  expecting  discipline  and  hard  work,  but  events 
just  had  not  worked  out  that  way.  Basic  training  was  cited  almost 
across  the  board  as  the  highlight  of  their  service.  They  liked 
the  structure  (knowing  what  was  expected  of  them  every  minute), 
the  obvious  good  planning  and  the  feelings  of  accomplishment 
and  camaraderie  they  had  felt.  Socially,  our  subjects  presented 
themselves  as  alone  and  scared,  though  none  used  those  terms. 

Few  reported  any  positive  feelings  toward  their  units  at  all,  and 
the  constantly  recurring  theme  in  talking  to  these  soldiers,  or 
ex-soldiers,  was  that  of  an  uncaring  leadership,  insensitive  to 
human  problems,  concerned  only  with  mission  completion. 

These  data  have  important  implications  for  personnel  policy, 
suggesting  that  while  expanding  the  role  of  women  in  the  Army 
may  help  maintain  strength  levels,  it  will  do  so  only  by  enlarging 
the  recruiting  pool,  not  by  cutting  attrition.  Similarly,  more  and 
better  bonuses  for  recruits  may  not  be  helpful,  if  in  fact  "gaining 
job  skills''  is  the  primary  enlistment  motivator.  Finally,  the  lack 
of  distinguishing  features  in  our  sample  might  be  taken  to  mean 
high  levels  of  attrition  are  inevitable  without  major  changes  in 
all  phases  of  Army  life,  increasing  emphasis  on  providing  soldiers 
social  as  well  as  physic;d  support. 

"PSYCHOLOGICAL  AUTOPSIES"  OF  DRUG  OVERDOSE  VICTIMS 

The  purpose  of  this  exploratory  research  is  (a)  to  describe  the 
victims  of  drug  overdose;  (b)  to  describe  the  unit  in  which  overdose 
casualties  appear,  and  (c)  to  discover  means  of  preventing  such 
casualties.  The  method  used  is  the  psychological  autopsy  technique 
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wherein  investigators  visit  the  site  of  the  drug  overdose,  interview 
leaders,  friends,  and  associates  of  the  victim,  and  attempt  to 
piece  together  the  circumstances  of  the  overdose.  Data  collection 
began  in  July  1978  and  will  continue  until  July  1980. 

Because  the  technique  had  no  precedent  in  the  literature,  attention 
focused  on  victims  admitted  to  the  hospital  and  placed  on  the 
Seriously  Ill  lists.  Some  of  these  victims  recovered;  they  provided 
a  check  on  the  kinds  of  information  unavailable  from  those  who 
died.  Of  the  16  cases  investigated  as  of  1  July  1979,  12  recovered 
and  4  died. 

Preliminary  results  indicate  neither  personal  nor  unit  characteris¬ 
tics  distinguish  the  victims.  No  pattern  of  organizational  climates 
was  evident;  both  task-  and  people-oriented  commanders  with 
either  prominent  or  low  key  drug  suppression  programs  experienced 
overdose  incidents  in  their  units.  The  "typical"  drug  overdose 
victim  was  invariably  male,  E-3,  4,  or  5,  about  21  years  old,  from 
any  ethnic  group,  and  equally  likely  among  combat,  combat  support 
and  combat  service  support  units. 

The  victims  were  good  soldiers,  not  the  marginal  and  ineffective. 
Their  leaders  regarded  them  as  average  to  superior  in  their  military 
job  performance;  four  of  the  16  were  being  considered  for  promotion 
at  the  time  of  their  accident;  only  two  had  adverse  actions  pending 
against  them  at  that  time.  One  continued  serving  as  a  valued 
section  chief  while  awaiting  his  Chapter  9  discharge. 

Nor  did  the  victims  tend  to  be  barracks  rats.  Most  got  out  of 
the  barracks,  many  had  local  national  girlfriends  and  several  were 
active  in  company  athletics.  They  were  not  new  arrivals  in  Europe; 
time  in  country  ranged  from  4  to  37  months  with  an  average  of 
24  months  in  the  country. 

Only  two  of  the  16  were  addicted  to  heroin.  The  others  used  heroin 
intermittently  at  parties  and  other  special  occasions  for  approxi¬ 
mately  6  months  prior  to  their  overdose. 

With  respect  to  the  fatal  or  near-fatal  doses,  there  is  no  evidence 
they  were  either  more  potent  or  of  greater  quantity  than  the 
victim  was  accustomed  to  using.  The  typical  ovcdose  sequence 
included  heavy  drinking  with  buddies  before  returning  to  the 
barracks  for  a  nightcap  of  heroin,  either  injected  of  sniffed  through 
the  nose.  In  the  next  few  hours  they  passed  out,  vomited,  choked 
and  sometimes  died.  Prevention  is  complicated  by  the  use  of 
such  unhelpful  home  remedies  as  cold  showers,  or  by  delaying 
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calls  for  help  until  evidence  of  drug  use  and  witnesses  to  the 
accident  can  be  removed  from  the  scene. 

Despite  the  fact  that  five  cases  were  enrolled  in  the  Community 
Drug  and  Alcohol  Assistance  Center,  who  will  overdose  when 
appears  unpredictable.  Of  the  16  cases,  12  were  totally  unexpected 
by  practically  everyone  in  the  company  including  the  wife  of  one 
victim,  three  were  unexpected  by  the  leadership  but  not  surprising 
to  their  work  groups,  and  one  surprised  nobody. 

Data  collection  continues  until  July  1980.  Additional  personnel 
enable  inclusions  of  Dead  On  Arrival  cases  as  well  as  the  seriously 
ill  and  very  seriously  ill  patients.  In  addition,  we  are  reviewing 
the  records  of  all  drug  overdose  death  cases  during  the  calendar 
years  1978  and  1979.  The  final  report  will  include  field  investi¬ 
gations  as  well  as  appropriate  comparisons  with  both  the  death 
records  and  the  USAREUR  Personal  Opinion  Survey  profiles  of 
drug  users. 
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Description 

The  military  environment  places  demands  and  strains  upon  its 
population  that  are  markedly  different  from  those  of  civilian 
environments.  The  demands  and  differences  in  terms  of  individual 
and  unit  effectiveness  and  performance,  mental  and  physical 
health,  and  behavioral  disruption  and  dysfunction  have  chronic 
effects  in  peacetime.  In  periods  of  deployment  and  combat,  such 
stresses  may  have  acute  affects  on  the  capability  of  units  and 
individuals  to  perform  their  missions.  This  unit  examines 
military  organizational,  social  psychological,  and  environmental 
factors  that  create  risk  for  and  militate  against  psychiatric 
disease,  psychosomatic  and  physical  illness,  behavioral  dysfunc¬ 
tion  and  disruption  of  performance  as  they  affect  Army  personnel 
and  impact  on  care  giving  agencies.  The  methods  of  epidemiology, 
Including  records  surveillance,  population  and  demographic  co¬ 
hort  studies  and  methods  of  the  psychological  and  social  sciences 
are  used  to  delineate  factors  conducing  to  risk  as  well  as  miti¬ 
gation  for  such  illnesses,  disruptions  and  dysfunctions. 

1.  Battle  Injuries  and  Associated  Neurological  Disorders 
Sustained  by  Active  Duty  Army  Personnel  During  the  Vietnam  Con¬ 
flict. 

Description 

A  descriptive  analysis  of  battle  injuries  sustained  in 
previous  conflicts  may  be  of  value  in  predicting  the  effects  of 
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combat  on  health  and  recovery  patterns  and  Its  long  term  impact 
on  the  Army  Medical  system.  A  research  proposal  has  been  imple¬ 
mented  to  perform  an  epidemiologic  study  of  battle  injuries  and 
associated  neurologic  disorders  sustained  by  active  duty  Army 
personnel  during  the  Vietnam  conflict. 

Progress 

Causalgia  is  the  painful  and  hypersensitive  state  which 
occurs  subsequent  to  peripheral  nerve  injury.  Military  medicine, 
with  its  concentration  of  battle-wound  traumas,  has  been  the  pri¬ 
mary  source  of  cases  and  information  about  causalgia.  Mayfield 
(5)  has  reviewed  the  literature  through  WWII  and  has  summarized 
the  history  of  wartime  causalgia.  He  concludes  from  the  case- 
series  results  reviewed  that  causalgia  occurs  in  2%-4%  of  all 
peripheral  nerve  injury  cases  when  seen  in  general  hospitals 
several  weeks  after  wounding.  Based  on  the  observation  that 
spontaneous  recovery  doer-  occur  and  that  one  series  (from  a 
Burma  evacuation  hospital)  reported  a  16%  rate  for  cases  seen 
shortly  after  wounding,  Mayfield  suggests  that  the  occurrence  of 
causalgia  as  a  consequence  of  peripheral  nerve  injury  may  be 
underestimated  due  to  the  delay  in  delivery  of  definitive  medical 
care.  The  analysis  of  the  epidemiology  of  causalgia  among 
soldiers  wounded  in  Vietnam  allows  the  opportunity  to  examine  the 
incidence  question  further  and  generates  speculation  concerning 
diagnostic  and  physiologic  mechanisms  which  may  be  determining 
considerations  in  the  occurrence  of  causalgia  in  peripheral 
nerve  injuries. 

The  data  are  derived  from  records  of  the  Patient  Adminis¬ 
tration  System  of  the  Army  Surgeon  General.  The  Individual 
Medical  Record  (IMR)  from  1964  through  1970  and  the  Individual 
Patient  Data  System  (IPDS)  from  1971  through  1973  were  used  to 
obtain  extracts  of  the  inpatient  hospitalization  discharge 
records  summary  in  standard  format.  The  records  of  interest 
were  defined  by  the  International  Classification  of  Diseases, 
Revision  Eight  (ICDA-8) ,  Codes  of  3559  for  causalgia  ("other 
and  unspecified  neuritis  or  neuralgia")  and  952-957,  959  for 
peripheral  nerve  injury.  Since  3559  is  the  code  used  within 
the  ICDA-8  for  other  diagnoses,  the  reader  is  cautioned  that 
our  enumeration  of  causalgia  is  an  upper  bound  to  the  number  of 
cases  meeting  specified  clinical  criteria. 

For  the  purpose  of  demonstrating  the  feasibility  of  gaining 
epidemiological  information  from  administrative  inpatient 
record  systems,  a  patient- registry  was  constructed  from  the 
relevant  portions  of  the  IMR  and  IPDS  data  files.  In  addition 
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to  the  change  from  IMR  and  IPDS,  there  was  also  i  change  in  the 
basic  identifier  used  by  the  Army  during  the  period  of  time 
spanned  by  the  Vietnam  conflict.  Transition  from  the  use  of 
Service  Number  (SN)  to  Social  Security  Number  (SSN)  occurred  in 
1969.  The  Beneficiary  Identification  and  Records  Location 
System  (BIRLS)  of  the  Veterans  Administration  was  used  to 
partially  re-create  the  SN  to  SSN  conversion  as  required  for  the 
patient  registry  construction.  In  this  particular  application, 
the  use  of  the  BIRLS  introduced  an  additional  uncertainty  in  the 
records  linkage  process.  The  BIRLS  coding  did  not  retain  the 
alphabetic  prefix  of  the  SN  and  it  did  not  distinguish  between 
a  leading  blank  (such  as  would  occur  in  a  SN  without  a  prefix) 
from  a  leading  zero  (such  as  would  occur  with  some  SSN) .  Con¬ 
fusion  of  multiple  patients  for  the  same  patient  did  occur  as  a 
result  of  this  shortening  of  identifier. 

Summary  records  were  located  for  108  individuals  with  diag¬ 
nostic  codes  consistent  with  causalgia.  Review  of  the  medical 
records  of  these  individuals  is  in  progress  and  will  be  reported 
as  a  case-series  from  the  Vietnam  era.  The  rate  of  causalgia  per 
peripheral  or  multiple  nerve  injury  was  15/1000  (i.e.,  causalgia 
occurred  in  1.5%  of  the  peripheral  nerve  injuries).  When  sub¬ 
divided  by  body  location  (Table  1),  the  rate  was  only  half  as 
great  for  injury  to  the  upper  extremity  (10/1000)  as  it  was  for 
injury  to  the  lower  extremity  (19/1000)  or  injury  to  multiple 
sites  (21/1000).  For  the  upper  extremity,  the  rate  decreased 
with  distance  from  the  spinal  cord  but  that  relationship  does  not 
hold  for  the  lower  extremity.  Since  a  significant  fraction  of 
the  cases  were  in  the  multiple  site  category,  further  analysis  of 
these  data  may  allocate  individuals  to  specific  categories  result¬ 
ing  in  changes  to  the  above  stated  relationships. 

The  annual  number  of  peripheral  and  multiple  nerve  injuries 
peaked  in  1968  while  the  largest  number  of  causalgias  (30  in¬ 
dividuals)  occurred  in  1969.  The  annual  rate  of  causalgia  per 
1000  peripheral  and  multiple  nerve  injuries  appears  to  have  in¬ 
creased  toward  the  end  of  1964-1973  period  although  the  high  rate 
in  the  final  two  years  involved  very  small  numbers  as  seen  in 
Table  2. 

The  average  age  of  23.4  years  of  the  individuals  with 
causalgia  exceeded  by  more  than  one  year  the  average  age  of  22.2 
years  for  all  peripheral  and  multiple  nerve  injuries.  The  age- 
specific  causalgia  rates  per  1000  peripheral  or  multiple  nerve 
injuries  are  presented  in  Table  3  and  show  a  dramatic  increase 
for  the  over-35  year  age  bracket. 
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2.  Psychiatric  Hospitalization  of  Women  in  the  Army 


Description 

This  is  a  four-year  prospective  study  which  will  determine 
the  extent  to  which  psychiatric  hospitalization  and  diagnosis 
differ  between  male  and  female  soldiers  during  the  course  of 
their  first  term  enlistment.  A  further  comparison  will  be  made 
of  hospitalization  outcome  of  soldiers  receiving  traditional 
basic  training  versus  soldiers  receiving  sex- integrated  basic 
training.  As  this  study  progresses,  it  is  anticipated  that  it 
will  generate  hypotheses  which  can  be  tested  in  epidemiological 
field  studies. 

Progress 


The  study  consists  of  two  cohorts:  (a)  a  group  of  approxi¬ 
mately  2,000  recruits  entering  active  duty  at  Port  Jackson  in 
October  1976  and  (b)  a  group  of  approximately  20,000  recruits 
entering  active  duty  at  all  basic  training  posts  during  the  month 
of  June  1977.  The  October  1976  cohort  is  incompletely  identified 
as  of  this  wrxting  because  of  problems  encountered  in  locating 
MILPERCEN  records.  The  June  1977  cohort  has  been  identified 
provisionally,  and  Table  4  entitled  "GAG  (Group  and  Gender): 
Description  of  June  1977  Cohort  upon  EAD  (Entry  on  Active  Duty)" 
characterizes  this  group. 

It  is  too  early  and  the  data  are  too  provisional  to  reach 
firm  conclusions  from  the  study  as  of  this  writing.  Technical 
reports  will  be  written  and  submitted  for  publication  as  the 
study  develops  and  unfolds. 

3.  The  Perceived  Social  Supports  Instrument 
Description 

Research  carried  out  in  the  psychosocial  aspects  of  psychi¬ 
atric  epidemiology  during  recent  years  has  indicated  that  avail¬ 
ability  and  quality  of  an  individual's  social  support  network 
serves  a  major  function  of  determining  the  health  outcome  for 
that  individual  in  the  sequence  of  responses  to  both  acute  and 
chronic  stress.  Much  of  the  literature  of  military  psychiatry 
indicates,  as  well,  that  the  face-to-face  social  supports  pro¬ 
vided  by  the  soldier's  primary  group  serve  in  a  powerful  manner 
to  affect  his  ability  to  successfully  cope  with  the  multiple 
stress  of  deployment  and  the  battlefield.  The  perceived  social 
supports  instrument  represents  an  initial  attempt  to  develop  a 
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quantifiable  instrument  for  assaying  and  inventorying  the  self- 
perceived  quality  and  frequency  of  contact  of  an  individual 
with  his  network  of  "significant  others"  -  those  who  comprise 
his  social  support  system. 

Progress 

Work  has  been  carried  out  to  show  the  reliability  and  con¬ 
struct  validity  of  this  psychometric  instrument  which  operation¬ 
ally  measures  people's  perceptions  of  their  affectual  satisfac¬ 
tion  when  they  go  with  important  "Recognition  Needs"  to 
"Significant  Others"  in  their  lives.  The  "Recognition  Needs": 
to  be  listened  to;  to  be  understood;  to  be  accepted  the  way  you 
are;  to  be  cared  for;  to  be  encouraged  when  you’re  down;  to 
have  people  to  help  solve  problems;  and  to  have  people  around 
when  things  are  tough.  The  "Significant  Others";  Acquaintances; 
Close  Friends;  Blood  Relatives;  Person-Closest-To. 

The  Long  Form  of  the  instrument  presents  the  subject  with 
each  of  28  combinations  of  "Recognition  Need  and  Significant 
Other"  groups  in  the  following  format  (see  Table  5) :  "When  you 
go  with  X  Need  to  Y  Significant  Other  Group,  how  do  they  make 
you  feel?  Please  put  a  mark  on  this  (200  mm)  line."  The  line 
runs  from  "Feel  Worst  Possible"  at  the  far  left  through  the 
middle,  "Feel  About  the  Same,"  to  the  far  right,  "Feel  Best 
Possible."  The  Short  Form  of  the  Instrument  collapses  on 
"Recognition  Needs"  and  presents  the  subject  with  each  of  the  4 
"Significant  Other"  combinations  (see  Table  6):  "When  you  go 
with  your  X  Needs  to  Y  Significant  Other  Group,  how  do  they  make 
you  feel?  (Same  Line)" 

The  N=50  Reliability  Sample  and  N=100  Validation  Sample  were 
randomly  drawn  from  the  WRAIR/WRAMC  telephone  directory.  They 
represent  a  mixed  military  and  civilian  population,  heterogenous 
for  race,  gender,  age,  marital  status  and  education.  The 
Criterion  Variables  for  N=100  Sample  were  the  General  Well  Being 
Scale  (GWB)  (3)  and  the  Hopelessness  Scale  (HS)  (2) . 

The  Test-Retest  Reliability  of  the  Long  and  Short  Forms  is 
0.96  and  0.91,  respectively  (30  minute  interval).  Internal 
Consistency  is  0.93  and  0.69  respectively  (Cronbach's  Alpha). 
Item-total  correlations  for  both  forms  are  all  significant  with 
a  P-value  <  0.0001.  For  Frequency  of  Contact  and  Life- Events 
Change  (4)  the  multiple  partial  correlation  of  the  Short  Form 
with  GWB  is  0.53  and  with  HS  is  -0.50.  The  Interfora  substituta¬ 
bility  of  the  Short  Form  for  the  Long  Fora  is  0.85.  Six  times 
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more  variance  of  the  Criterion  Variables  is  accounted  for  by 
Perception  of  Social  Supports  than  by  Life-Events  Changes. 

Controlling,  first,  for  all  levels  of  Life-Event  Change, 
and,  second  for  all  levels  of  perceived  Frequency  of  Contact, 
in  both  instances,  as  the  sample  moves  from  low  to  medium  to 
high  perceived  supports  (Long  and  Short  forms) ,  GWB  uniformly 
increases  and  HS  uniformly  decreases.  The  odds  ratio  of  being  a 
case  given  Low  Perceived  Supports,  Low  Perceived  Frequency  of  Con¬ 
tact,  and  High  Life-Events  change  is  25.2/1.0. 

4.  Career  Outcome  Study 
Description 

Urine  positivity  for  drugs  of  abuse  is  assumed  to  be  a  risk 
factor  for  psychiatric  and  physical  illnesses  as  well  as  behavioral 
dysfunctions  and  ineffective  performance.  This  study  was  designed 
to  assess  the  long  range  behavioral  implications  of  urine  positiv¬ 
ity  and  its  potency  as  a  factor  of  selection  for  risk  for  health 
and  behavioral  problems  and  to  evaluate  the  medical  evaluation 
procedure  following  designation  of  an  individual  as  urine  positive. 
A  cohort  demonstrating  this  presumed  risk  factor  and  controls  who 
entered  the  Army  during  1972-73  was  defined  in  order  to  pros¬ 
pectively  study  their  individual  medical  and  military  careers. 

The  cohorts  consist  of  1967  individuals  with  positive  urines  and 
2432  negative  urine  controls.  The  rate  of  matching  was  slightly 
over  80%  for  each  cohort. 

Progress 

Analysis  by  the  members  of  this  cohort  for  specific  pre¬ 
cursors  of  illness  and  dysfunctional  behavior  is  continuing. 

There  are  no  special  results  to  be  reported  for  this  year. 

5.  Psychiatric  Disease  Rates 
Description 

In  1976,  historical  data  on  psychiatric  disease  rates  were 
consolidated  into  a  paper  which  was  filed  with  Defense  Documenta¬ 
tion  Center  (1),  This  paper  presented  neuropsychiatric  hospitali¬ 
zation  rates  for  the  US  Army  from  1915  (pre-World  War  I)  through 
the  first  six  months  of  1973  (post-Vietnam).  From  1942  through 
mid-1973,  psychiatric  hospitalization  rates  were  studied  by  pre¬ 
senting  comparable  data  from  the  US  Navy  and,  beginning  in  1951, 
for  the  US  Air  Force,  as  well. 
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Progress 


During  the  current  reporting  period,  the  task  has  been  to 
update  information  initiated  in  the  original  paper.  Pertinent 
data  from  Health  of  the  Army  from  July  1973  through  December 
1978  have  been  extracted  and  filed  electronically  for  easy 
access.  Efforts  to  obtain  comparable  data  from  Navy  and  Air 
Force  publications/agencies  are  underway. 

Data  on  some  twenty  diseases  or  other  morbidity  indicators 
have  been  recorded  for  the  years  1973  through  1978  for  active 
duty  Army  personnel.  Five  catchment  areas  are  studied:  worldwide, 
continental  United  States,  overseas,  Europe,  and  western  Pacific. 

In  1978,  the  hospitalization  rate  data  are  broken  out  by  sex  of 
the  soldier. 

Table  7  is  a  plot  of  psychiatric  disease  rates  from  1915 
through  1978;  it  utilizes  data  from  the  original  paper  and  from 
the  update.  Table  8  summarizes  morbidity  differences  according 
to  the  sex  of  the  soldier  for  CY  1978. 

Caution  must  be  attached  to  interpretation  of  changes  in  the 
data  trend  line  as  it  moves  from  mid-1973  to  end-1973  because  the 
system  for  tabulating,  recording,  and  reporting  data  in  Health  of 
the  Army  underwent  a  transition  from  manual  methods  to  automated 
methods  at  this  time.  Some  of  the  categories  of  disease  do  not 
include  the  '*me  specific  diseases  before  and  after  the  mid-1973 
transition. 

6.  Suicide  and  Mortality 
Description 

Suicide  is  a  major  cause  of  death  among  active  duty  Army 
personnel.  Approximately  two  American  soldiers  die  by  their  own 
hand  each  week.  Only  motor  vehicle  accidents  cause  a  greater 
number  of  violent  deaths  of  soldiers  in  peacetime. 

In  collaboration  with  the  Office  of  the  Psychiatry  Con¬ 
sultant,  DASG,  the  Division  has  been  studying  the  epidemiology  of 
suicide  of  US  Army  active  duty  personnel  since  1975.  Findings 
for  the  years  1975-76  were  summarized  in  a  previous  WRAIR  annual 
report  and  are  now  set  forth  in  a  published  article  by  Datel  and 
Johnson  (1979). 
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Progress 


Work  underway  during  the  reporting  period  has  been  devoted 
to  replicating  the  1975-76  study  for  calendar  years  1977-1978. 
There  has  again  been  collaboration  with  the  Office  of  the 
Psychiatry  Consultant,  DASG.  At  the  time  of  this  writing, 
acquisition  of  the  data  set  is  nearing  completion.  Still  exist¬ 
ing  are  some  problems  in  suicide  identification  and  still  missing 
are  important  data  elements  in  some  of  the  cases.  The  total 
number  of  completed  suicides  for  the  two-year  period  will  ap¬ 
parently  fall  somewhere  over  200,  slightly  less  than  the  previous 
two-year  period  studied. 

The  search  for  adequate  information  has  brought  the 
principal  investigator  in  touch  with  a  number  of  record-keeping 
systems:  HSC's,  IPDS,  CID’s  Crime  Records  Division,  TAGO's 
Casualty  Information  System,  AFIP’s  autopsy  registry,  the  National 
Personnel  Records  Center  in  St.  Louis,  and  the  individual  line  of 
duty  investigation  file.  When  the  data  set  becomes  as  complete 
as  possible,  the  data  will  be  banked  electronically  so  that 
description  and  analysis  can  proceed  along  the  lines  following  in 
the  previous  study.  A  manuscript  describing  the  findings  will 
then  be  submitted  for  publication. 

A  major  problem  was  discovered  and  documented  (2) 
during  the  conduct  of  this  research.  Reference  here  is  to  the 
questionable  reliability  in  the  mortality  count’  and  suicide 
count  in  either  the  medical  and/or  the  personnel  data-keeping 
systems.  Until  such  fundamental  questions  as  how  many,  and  which, 
soldiers  died  during  a  given  time  period,  and  from  what  cause, 
are  resolved,  the  outlook  for  obtaining  definitive  morbidity  and 
mortality  estimates  from  large  scale,  computerized  data  bases  in 
the  Army  remains  cloudy. 
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TABLE  1 


ICDA-8 

Peripheral/ 

Causalgia  Causalgia  per 

codes 

Multiple 

1000  Peripheral/ 

Nerve  Injury 

Multiple 

n  (%) 

n  (%)  Nerve  Injury 

952  Upper  Arm 

985 

(13.8) 

14  (13.0) 

14 

953  Forearm 

1751 

(24.5) 

15  (13.9) 

9 

954  Wrist/hand 

778 

(10.9) 

6  (  5.6) 

8 

952/954  Upper 

3514 

(49.2) 

35  (32.4) 

10 

955  Thigh 

814 

(11.4) 

23  (21.3) 

28 

956  Lower  leg 

1147 

(16.1) 

14  (13.0) 

12 

957  Ankle/foot 

183 

(  2.6) 

5  (  4.6) 

27 

955/957  Lower 

2144 

(30.0) 

42  (38.9) 

19 

959  Multiple 

1480 

(20.7) 

31  (28.7) 

21 

952/957,959 

Peripheral 

Nerve  Injury  7138  100%  108  100%  15 


Table  1:  Body  Location  of  Peripheral/Multiple  Nerve  Injury 

and  Causalgia  in  US  Army,  Vietnam,  1964-1973,  first 
occurrence  per  individual.  See  text  for  diagnostic 
criterion. 
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TABLE  2 


Time 

Peripheral/ 

Causalgia 

Causalgia  per 

Period 

Multiple 

1000  Peripheral/ 

Nerve  Injury 

Multiple 

n  (%) 

n  (%) 

Nerve  Injury 

1964 

12 

(  0.2) 

0 

(  0.0) 

0 

1965 

154 

(  2.2) 

0 

(  0.0) 

0 

1966 

580 

(  8.1) 

10 

(  9.3) 

0 

1967 

1167 

(16.4) 

8 

(  7.4) 

7 

1968 

2154 

(30.2) 

26 

(24.1) 

12 

1969 

1738 

(24.4) 

30 

(27.8) 

17 

1970 

879 

(12.3) 

21 

(19.4) 

24 

1971 

347 

(  4.9) 

7 

(  6.5) 

20 

1972 

73 

(  1.0) 

4 

(  3.7) 

55 

1973 

34 

(  0.5) 

2 

(  1.9) 

59 

1964/1973 

7138 

100% 

108 

100% 

15 

Table  2:  Annual  Peripheral/Multiple  Nerve  Injury  and  Causalgia 
in  US  Army,  Vietnam,  1964-1973,  first  occurrence  per 
individual.  See  text  for  diagnostic  criterion. 
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TABLE  3 


Age 

Peripheral/ 

Multiple 

Nerve  Injury 
n  (%) 

Causalgia 

n  (%) 

Causalgia  per 
1000  Peripheral/ 
Multiple 
Nerve  Injury 

17-19 

995 

(13.9) 

10 

(  9.3) 

10 

20-24 

4967 

(69.6) 

74 

(68.5) 

15 

25-29 

736 

(10.3) 

11 

(10.2) 

15 

30-34 

224 

(  3.2) 

3 

(  2.8) 

13 

35+ 

212 

(  3.0) 

10 

(  9.3) 

47 

UNK 

3 

(  0.0) 

0 

(  0.0) 

0 

Total 

7138 

100% 

108 

100% 

15 

Table  3:  Age-specific  Peripheral/Multiple  Nerve  Injuries  and 
Causalgia  in  US  Army,  Vietnam,  1964-1973,  first  occurrence 
per  individual.  See  text  for  diagnostic  criterion. 
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TABLE  4  (Cont'd) 
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HOSPITALIZATION  DIAGNOSES 
PER  1000  PER  YEAR 


TABLE  7 

PSYCHIATRIC  DISORDER  IN  U.S.  ARMY  (ACTIVE  DUTY,  WORLDWIDE) 
FROM  PRE-WORLD  WAR  I  THROUGH  1978 
*  =  NEUROPSYCHIATRIC  DISORDER 
X  =  PSYCHIATRIC  DISORDER,  INCLUDING  DRUGS  AND  ALCOHOL 
0  =  PSYCHIATRIC  DISORDER,  NOT  INCLUDING  DRUGS  AND  ALCOHOL 
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TABLE  7  (Cont'd) 

PSYCHIATRIC  DISORDER  IN  U.S.  ARMY  (ACTIVE  DUTY,  WORLDWIDE) 
FROM  PRE-WORLD  WAR  I  THROUGH  1978 
*  -  NEUROPSYCHIATRIC  DISORDER 
X  =  PSYCHIATRIC  DISORDER,  INCLUDING  DRUGS  AND  ALCOHOL 

0  =  PSYCHIATRIC  DISORDER,  NOT  INCLUDING  DRUGS  AND  ALCOHOL 
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23.  (U)  Achievement  of  an  understanding  of  the  temporal  organization  of  biological 

functions  attendent  upon  sustained  exposure  to  stressors  in  military  environments. 
Information  developed  provides  indicators  of  the  magnitude  and  time-course  of  stressor 
Induced  behavioral  and  physiological  disorders  that  are  the  precursors  of  the  productioi 
of  psychiatric  and  combat  casualties. 


24.  (U)  Monitoring  techniques  are  employed  in  the  laboratory  and  in  the  field  to  ob¬ 
tain  detailed  behavioral,  electrophysiological,  and  biochemical  measures  of  functioning 
during  sustained  operations.  A  variety  of  time  series  analysis  techniques  ore  applied 
to  these  data  to  assess  changes  that  precede  and  accompany  stress  responses. 

25.  (U)  78  10  -  79  09  Two  studies  of  time  zone  translocation  (Jet  Lag)  were  com¬ 
pleted,  involving  300  troops  deploying  to  Europe.  Various  countermeasures  against  dys- 
chronism  and  serial  cognitive  performance  measures  were  experimentally  employed.  Pre¬ 
liminary  analysis  of  data  indicates  expected  decrements  and  gradual  recovery  on  several 
tasks.  Countermeasures  reduced  subjective  fatigue,  but  did  not  selectively  affect 
performance.  Older  subjects  appear  to  respond  more  to  countermeasures,  and  had  more 
positive  self-ratings  of  performance  than  younger  subjects,  though  age  effects  were  not 
entirely  consistent.  Laboratory  studies  are  planned  to  clarify  the  several  issues 
raised  by  these  field  studies.  Civilian  firefighters  and  fire/rescue  dispatchers  were 
studied  in  relation  to  stress  of  occupational  life  threat  and  shift  work.  Analysis  is 
in  initial  phase.  Studies  of  rhytluaic  aspects  of  affect,  activation,  cognitive  perfor¬ 
mance,  verbal  perception,  and  laterality  of  cerebral  hemispheric  function  arc  underway 

F?r  report  see  Walter  Reed  Army  Institute  of  Research 

./.iiF.,M.n4<lA.9^rRaPortto.pri-..i  oct  78-30  Sep  79. 
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Description 

The  organization  of  physiologic  function  and  performance  in 
military  environments  are  studied  in  the  temporal  domain.  The 
magnitude  and  time-course  of  the  deleterious  effects  of  stressors, 
and  of  progressive  adaptation  processes,  are  investigated  in  the 
context  of  stress  exposures,  such  as  sleep  deprivation,  continuous 
combat  operations,  temporal  dysynchronlzatior.,  shift  work,  and 
life  threat,  which  are  precursors  of  performance  decrements  and 
casualty  losses.  Upon  a  technological  base  developed  within  or 
supported  by  the  Department,  non- intrusive,  field  portable  sensors 
and  recorders  of  biological  and  behavioral  parameters  are  applied 
in  naturalistic  settings  in  order  to  define  in  realistic  terms 
the  functional  topography  and  costs  of  stressful  events.  Field 
experience  in  turn  leads  to  laboratory  testing  of  select  hypothe¬ 
ses  concerning  primary  stress  phenomena  and  potential  interven¬ 
tions  or  countermeasures.  In  continuum,  the  technical  base  is 
broadened,  and  methods  of  analysis  are  refined. 

The  extent  and  scope  of  certain  studies  described  represent 
organizational  efforts  involving  the  collaboration,  thoughtful 
contributions,  and  resources  of  many  agencies,  departments,  and 
individuals.  Personnel  of  HQ,  Division  of  Neuropsychiatry  and 
the  Departments  of  Psychiatry  and  Neurosciences  were  involved  as 
co-investigators  and  research  assistants  in  the  "Jet  Lag"  studies. 
Special  efforts  in  central  and  field  support  were  afforded  by  HQ, 
USAMRDC,  HQ,  WRAIR,  Division  of  Logistics,  WRAIR,  and  the  U.S. 

Army  Medical  Research  Unit,  Europe. 

Progress 

1.  Studies  of  Time-Zone  Translocation  ("Jet  Lag") 

Introduction.  Disruption  of  the  circadian  system  is  widely 
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recognized  as  underlying  the  general  malaise,  fatigue,  and  psycho¬ 
logical  deficits  which  most  travelers  experience  following  rapid 
transmeridial  flight.  Previous  attempts  at  developing  chrono- 
biotics  to  hasten  adaptation  to  new  time  zones  have  met  with 
limited  success  (Christie  and  Moore-Robinson,  1970;  Simpson, 
Bellamy,  Bohlen,  and  Halberg,  1973).  Recently,  Ehret  and  his 
colleagues  (Ehret,  Groh,  and  Melnert,  1978)  have  suggested  a 
series  of  nonpharmaceutical  chronobiologic  measures  designed  to 
accelerate  phase  shifting  of  the  mammalian  circadian  system. 

While  laboratory  experiments  have  confirmed  the  efficacy  of 
these  manipulations  for  shifting  the  body  temperature  rhythm 
in  animals  (Ehret,  Potter,  and  Dobra,  1975;  Ehret  et  al. ,  1978), 
no  evidence  is  yet  available  concerning  their  effectiveness  in 
humans,  especially  in  those  undergoing  rapid  transmeridial 
flight. 

The  purpose  of  present  studies  was  to  provide  such  data  in 
the  context  of  a  military  deployment.  Countermeasures  were 
designed  partially  on  the  basis  of  Ehret' s  model  but  tailored 
to  the  operational  requirements  of  a  large-scale  military  exer¬ 
cise.  The  latter  prohibited  tha  use  of  any  countermeasures 
before  the  day  of  departure  and  restricted  them  to  those  which 
could  be  carried  out  without  disruption  of  mission  accomplish¬ 
ment.  The  overall  strategy  was  to  induce  a  more  rapid  phase  ad¬ 
vance  of  the  circadian  system  by  controlling  the  timing  of  the 
following  factors:  rest-activity  schedules,  social  interaction, 
caffeine/theophylline  consumption,  and  meals.  To  enhance  the 
impact  of  altered  mealtiming,  subjects  underwent  a  moderate  fast 
on  the  day  of  departure  and  were  permitted  only  a  limited  intake 
of  carbohydates  throughout  that  day.  Also,  dimenhydrlnate  was 
administered  to  facilitate  a  rapid  advance  in  subjects'  rest- 
activity  schedule  on  the  aircraft.  Whenever  possible,  psycholo¬ 
gical  time  cues  were  altered  to  reflect  destination  time. 

These  abbreviated  reports  are  base  on  preliminary  analyses 
of  data  and,  therefore,  should  not  be  construed  as  representing 
the  final  conclusions  of  the  study.  A  more  definitive  state¬ 
ment  about  the  findings  will  be  published  in  the  near  future. 

Jet  Lag  I.  This  study  examined  the  effectiveness  of  such 
countermeasures  by  comparing  two  groups  of  male  soldiers  (age 
18-38  years)  from  the  2nd  Armored  Division  (Forward),  airlifted 
from  Texas  to  W,  Germany.  Oral  temperatures  were  measured  at 
4-hr.  intervals  during  four  working  days  prior  to  departure. 

Every  4  hrs.  throughout  this  96-hr.  span  a  subset  of  15  subjects 
in  each  group  maintained  a  circadian  diary,  had  their  tempera¬ 
tures  taken,  performed  two  simple  behavioral  tasks,  and  com¬ 
pleted  a  subjective  fatigue  checklist.  Countermeasures  institu¬ 
ted  on  the  morning  of  departure  advanced  the  timing  (+6  hrs.)  of 
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meals,  rest/activity,  and  social  interaction.  The  experimental 
subjects  (N=84)  ate  lightly  and  avoided  caffeine  on  the  day  of 
departure,  took  100  mg  of  dimenhydrinate  before  lights  out  at 
1700  CDT,  and  ate  a  large  high  protein  breakfast  with  coffee 
before  landing  at  0600  CET.  The  control  subjects  (N“95)  under¬ 
went  usual  airlift  procedures  on  a  separate  flight.  Upon  arrival 
all  subjects  were  studied  every  4  hrs.  for  6  days.  The  counter¬ 
measures  significantly  reduced  sleeping  and  subjective  fatigue 
during  the  first  two  days  (Figs.  1  &  2).  Single  digit  addition 
was  unaffected  for  both  groups.  The  mean  oral  temperatures  of 
both  groups  manifested  appropriate  circadian  phase  shifts  within 
24-48  hrs.  (Fig.  3);  however,  the  countermeasures  produced  a  more 
rapid  phase  adjustment  and  recovery  of  amplitude  for  subjects  >_ 

30  years  old  (Fig.  4).  The  use  of  chronobiologic  countermea¬ 
sures,  even  if  limited  to  the  day  of  departure,  may  help  over¬ 
come  the  effects  of  transmeridial  flight  more  rapidly. 

Jet  Lag  II.  The  second  study  attempted  to  replicate  and  ex¬ 
tend  the  previous  findings  that  chronobiologic  countermeasures 
hasten  circadian  adjustment  following  rapid  transmeridial  flight. 
The  experiment  comprised  two  parts,  both  conducted  during  a  win¬ 
ter  field  deployment  exercise  (REFORGER  79)  of  the  1st  INF  DIV. 
from  Ft.  Riley,  Kansas  to  West  Germany  (+7  hours).  Subjects 
in  both  parts  were  administered  morning,  noon,  and  evening  tests 
for  four  days  in  Kansas,  and  for  3-5  days  in  Germany  with  the 
Inclusion  of  additional  night  tests.  In  Part  I,  two  groups  of 
60  subjects  each  maintained  sleep  logs,  completed  self-confidence 
scales  and  a  fatigue  checklist,  and  performed  an  encoding¬ 
decoding  task  at  each  session.  The  experimental  group  underwent 
the  countermeasures  as  described  previously,  while  controls 
followed  normal  military  airlift  procedures.  Part  II  compared 
a  group  of  31  young  subjects  (mean  age  21.0  years)  with  29  older 
subjects  (mean  age  34.2  years)  following  deployment  without  any 
countermeasures.  They  completed  an  extensive  cognitive  test 
battery  at  each  session  in  addition  to  the  test  in  Part  I.  De¬ 
spite  arduous  field  conditions  the  countermeasures  again  reduced 
the  amount  of  subjective  fatigue  for  48  hours  following  arrival 
(Fig.  5).  Encoding-decoding  performance  diminished  in  both 
Part  I  groups  after  deployment  but  was  not  differentially  af¬ 
fected  by  the  countermeasures.  Performance  on  most  Part  II  cog¬ 
nitive  tasks  deteriorated  following  arrival  and  then  gradually 
recovered,  depending  on  the  task,  over  24  to  72  hours  (Fig.  6). 
Some  suggestion  of  enhanced  diurnal  variations  emerged  from 
these  data,  but  there  were  no  consistent  age  effects.  However, 
self-ratings  of  performance  on  these  tasks  indicated  that  the 
younger  subjects  consistently  underestimated  their  cognitive 
abilities  after  the  first  day  in  Germany.  The  only  other  age 
difference  was  that  the  older  group  slept  less  in  both  Kansas 
and  Germany. 


Laboratory  Investigation.  Followup  laboratory  research  is 
currently  being  undertaken  to  confirm  and  extend  these  findings 
from  the  field.  The  laboratory’s  isolation  chamber  has  been 
structurally  modified  to  Include  toilet,  bath,  kitchen,  and 
sleeping  facilities  so  that  up  to  four  individuals  can  live 
within  its  confines  for  3  to  4  weeks.  A  protocol  is  under  re¬ 
view,  which  when  implemented  will  investigate  temporal  factors 
of  cognitive  performance  using  a  more  complete  cognitive  test 
battery. 

2.  Studies  of  Affective  Responses  to  Continuous  Performance 

Fire  Direction  Center  Study.  Continuing  analysis  of  data 
from  the  Fire  Direction  Center  Study  (FDC)  has  revealed  clear 
evidence  of  disturbance  in  the  balance  between  positive  and  nega¬ 
tive  affect  under  continuous  performance  -  sleep  deprivation 
conditions,  with  individual  changes  in  the  amplitude  of  periodi¬ 
cities  of  affective  behavior. 

In  this  study  two  scales,  Zuckerman's  Multiple  Affect  Adjec¬ 
tive  Check  List  and  the  Activation-Deactivation  Adjective  Check 
List  were  blended  in  five  randomized  forms  of  a  mood-actlvlation 
scale.  Each  man  in  the  FDC  teams  filled  out  one  of  these  in 
four  equally  spaced  breaks  per  24-hour  period.  Separate  scores 
for  anxiety,  hostility  and  depression  were  converted  to  Z  scores, 
after  normal  distributions  were  demonstrated.  Several  points 
rapidly  became  clear:  (1)  it  seems  superfluous  to  differentiate 
among  anxiety,  hostility  and  depression  since  all  three  affects 
changed  concurrently  in  the  same  direction  with  similar  orders 
of  magnitude;  (2)  it  seems  parsimonious  to  postulate  paradigmatic 
biases  affecting  the  processes  that  govern  affective  balance  in 
favor  of  negative  affective  peaks;  (3)  periodicities  were  not 
necessarily  eliminated  and  may  in  individual  cases  have  been 
exaggerated,  although  the  4  per  day  sampling  rate  limited  reso¬ 
lution;  (4)  the  replicated  48-hour  runs  indicate  that  individuals 
are  likely  to  react  similarly  to  repetition  of  the  experience; 
and  (5)  a  consistent  peak  of  negative  affect  near  the  end  of  the 
runs  were  evident,  but  this  was  accompanied  by  a  return  to  begin¬ 
ning  of  baseline  following  the  recovery  period. 

Consistent  with  the  overall  increases  in  negative  affect, 
performance  decrements  focused  on  those  tasks  least  constrained 
by  time  demands,  and  coincided  with  overly  self-critical  behavior. 
Analogous  to  clinical  depression,  at  least  two  phenomena  appeared: 
an  actual  performance  deficit  and  an  unrealistically  perceived  in¬ 
adequacy  of  performance.  Although  future  studies  should  specifi¬ 
cally  address  this  issue,  at  least  three  factors  of  the  sleep- 
deprivation/continuou8  performance  situation  probably  interact  to 
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Impair  performance:  (1)  sleep  deprivation  with  its  accompanying 
subjective  sense  of  fatigue  and  deactivation  (the  latter  being 
measurable  by  the  activation  part  of  the  mood  activation  scale) ; 
(2)  increasing  inability  to  regulate  the  positive-negative  af¬ 
fective  balance  of  amplitude  and  rhythmicity;  and  (3)  cognitive 
deficits  that  involve  such  functions  as  memory  and  logical 
reasoning. 

The  analysis  of  these  data  is  procedlng  with  collaboration 
with  the  Department  of  Psychiatry. 

Rhythmic  Aspects  of  Cognitive  Performance.  Affect,  and 
Motor  Activity.  A  protocol  is  under  review  which  capitalizes 
upon  the  above  findings,  and  examines  the  relationships  among 
rhythms  in  cognitive  performance,  affect  and  subjective  activa¬ 
tion  or  arousal,  and  patterns  of  spontaneous  hand  or  arm  motor 
activity.  These  phenomena  are  viewed  as  co-ordinated  manifes¬ 
tations  of  the  basic  rest/activity  cycle,  that  should  jointly 
correlate  with  the  efficient  performance  of  military  tasks.  De¬ 
velopment  of  a  transducer  for  detecting  fine-motor  hand  activity 
has  begun,  using  bistable  magnetic  wires  (Wygand  effect) .  Hand 
activity  may  be  isolated  from  general  body  activity,  as  deter¬ 
mined  by  Actigraph  transducers.  In  concert  with  progressive 
development  of  a  Performance  Assessment  Battery,  selected  tests 
of  cognitive  function  and  performance  have  been  transformed  to 
software  automation. 

Rhythmic  Structure  of  Verbal  Perception.  The  aforementioned 
protocol  has  been  extended  to  a  study  exploring  rhythms  and  hem¬ 
ispheric  differentiations  in  the  perception  and  identification 
of  verbal  stimuli,  visually  presented.  Preliminary  planning  has 
been  completed  in  collaboration  with  Dr.  Harvey  Babkoff,  Senior 
National  Science  Foundation  Research  Fellow.  Development  of 
instrumentation  and  automation  of  tasks  is  under  way. 

Electroencephalographic  Activity  During  Performance  Task 
Studies.  An  electroencephalographic  (EEC)  record  collected  dur¬ 
ing  the  course  of  pilot  work  involving  a  speed-accuracy  tradeoff 
task  is  being  digitized  for  analysis  in  collaboration  with  Dr. 
Will  Gersch,  Department  Computer  Sciences,  University  of  Hawaii. 
It  is  hypothesized  that  alterations  in  affect,  cognitive  func¬ 
tioning,  consciousness  and  motor  and  sensory  functioning  experi¬ 
enced  by  the  subject  will  be  associated  with  predictable  changes 
in  the  differential  patterns  of  hemispheric  function.  The  metho¬ 
dology  to  be  used  in  the  analysis  (a  realization  of  Kellbach's 
uinimum  discrimination  information  in  the  time  and  frequency 
domain)  should  reveal  whether  EEG  differences  within  or  between 
hemispheres  contain  enough  information  about  cognitive  and 
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affective  state  changes  to  consider  further  development  of  the 
EEG  as  a  dependent  variable  in  indexing  affective  and  cognitive 
biorhythms. 

Affect  and  Social  Support  Factors.  In  collaboration  with  Dr. 
Robert  Blaik,  Department  of  Psychiatry,  a  supplementary  analysis 
of  his  study  of  quantification  of  perception  of  social  support  is 
proceeding.  Dr.  Blaik’s  data  (see  Annual  Report,  Dept,  of  Psychia¬ 
try)  is  being  viewed  in  terms  of:  (1)  the  relative  overall  amounts 
of  positive  and  negative  affect  associated  with  fixed  categories  of 
relationships;  (2)  a  theoretic  measure  (H)  of  unevenness  in  the 
distribution  of  affect  among  relationships;  and  (3)  relative  ef¬ 
fects  of  people,  needs,  and  people-need  interaction  on  the  allo¬ 
cation  of  affect  to  relationships.  Preliminary  results  indicate: 
(1)  independently  significant  effects  of  overall  positive  and 
negative  affect  on  a  criterion  combining  a  General  Well  Being^and 
a  Hopelessness  Scale  and  (2)  in  positive  correlation  between  H  and 
overall  amount  of  positive  affect.  Further  exploration  and  exten¬ 
sion  of  these  observations  is  planned.  A  questionnaire  is  being 
devised  which  surveys  relevant  life  areas  and  delineates  relation¬ 
ships  with  ongoing  mood-activation  measures. 

3.  Firefighters  Study 

Background.  In  peacetime,  certain  civilian  occupations  may 
provide  a  close  parallel  to  combat  stress  via  the  actual  and  imme¬ 
diate  presence  of  life  threat  and  unforgiving  demands  on  human 
capacities  to  take  action.  A  pilot  study  was  begun  this  year  to 
assess  the  Influence  of  these  natural  stressors  on  the  structure 
of  behavior,  social  organization,  and  physiologic  function,  and 
to  develop  and  refine  technological  capabilities  for  making  such 
assessments.  A  cooperative  agreement  with  the  Montgomery  County 
Fire  and  Rescue  Services  yielded  an  opportunity  to  study  indiv¬ 
idual  volunteer  subjects  for  whom  emergent  action  and  life  threat 
(direct  or  indirect)  are  occupational  realities.  Two  separate 
cohorts  of  volunteers  became  involved;  1)  over  twenty  fire  and 
rescue  professionals  involved  in  on-the-scene  operations,  and  2) 
thirteen  communications  personnel  at  the  Emergency  Operations 
Center  (EOC)  in  Rockville,  Maryland,  who  receive  and  process  all 
incoming  emergency  calls  within  the  county  and  who  coordinate  and 
dispatch  equipment  and  manpower  from  the  field.  For  several 
reasons  initial  phases  of  study  focused  on  the  latter  group.  Dis¬ 
patchers  worked  in  stable  soc^al/work  triads,  working  regular  shift 
schedules  with  a  continous  albeit  modulated  work  load.  They  were 
readily  monitored  by  existing  techniques.  The  function  of  the  EOC 
within  the  county  is  analogous  to  that  of  Tactical  Operations  Cen¬ 
ters  (TOC)  in  modern  combat  and  is  of  major  interest  to  those  who 
investigate  the  impact  of  subtle  stressors  on  higher  order  mental 
work  (e.g.,  decision  making). 
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Hence,  given  the  limited  available  research  manpower,  a  sys¬ 
tematic  study  could  be  devised  with  potentially  high  density  payoff 
in  terms  of  regularized  data  collection,  meaningful  if  tentative 
conclusions,  and  increased  precision  of  analytical  approaches. 
Several  work  periods  and  emergency  responses  were  observed  in  the 
field  providing  a  background  understanding  of  fire  and  rescue  op- 
rations,  jargon,  and  social  milieu.  It  became  clear  that  the 
infrequency  of  major  incidents,  the  routine  nature  of  most  calls, 
the  extended  periods  of  lax  time  invested  to  study  a  single  major 
event,  and  the  non-systematic  means  available  for  describing 
events  precluded  an  unlimited  committment  of  investigative  re¬ 
sources  for  the  present.  The  EOC  study  and  samplings  of  field  ex¬ 
perience  yielded  ample  opportunity  to  sharpen  the  methodology  and 
to  provide  a  basis  for  planning  efficient  approaches  to  the  pro¬ 
blems  presented  by  the  field  environment.  The  influence  of  direct 
life  threat  on  physiology  and  adaptive  behavior  remains  the  nuclear 
issue  and  the  analysis  of  rare,  transient  and  pulsatile  exposure  to 
stressors  remains  a  major  challenge  to  current  research  methods. 

Procedures.  Evaluation  of  subjects  and  events  were  pursued 
within  three  general  categories  of  assessment:  1)  health  status 
and  professional/social/personality  traits  (an  ipsative  data 
base),  2)  monitoring  of  rest/activity  patterns  and  heart  rate  for 
periods  extending  across  work,  offtime,  sleep,  and  shift-scheduled 
transitions,  and  3)  recording  of  work  period  events  hypothesized  to 
drive  or  entrain  the  observed  patterns  of  physiologic  behavior.  For 
the  first  category  medical  record  review,  verbal  history,  and  physi¬ 
cal  examinations  were  obtained  along  with  a  series  of  questionnaires 
concerning  personality,  professional  and  social  attitudes,  and 
autonomic  perceptions.  For  the  second  category  the  Actigraph  was 
employed  and  electrocardiogram  (ECG)  monitoring  was  obtained  for 
32-48  hours  of  the  first  and  last  segments  of  each  shift.  The 
events  within  work  periods  were  monitored  by  participatory  observa¬ 
tion,  by  voice  recording  of  all  radio/telephone  traffic,  and,  in 
the  case  of  the  EOC,  by  quantitative  recording  of  traffic  load  in 
5-minute  epochs.  Continuous  recording  of  activity  and  intermit¬ 
tent  samplings  of  ECG  and  work  load  were  thus  obtained.  Heart 
rate  variability  (variance  within  epoch)  was  also  computed  from 
ECG  data  and  similarly  arrayed.  Figure  7  is  an  example  of  the 
raw  data  acquired.  During  all  work  periods  involving  ECG  monitor¬ 
ing,  subjects  were  under  direct  observation,  notations  were  taken 
on  position  and  activity,  magnitude  of  work  load,  and  subjectively 
assessed  social  interaction. 

Additional  studies  of  subjects'  health  and  responsivities  are 
in  preparation.  They  include  blood  chemistries,  responses  to  maxi¬ 
mal  treadmill  exercise,  and  assessment  of  cardiovascular  reactivity 
to  minimal  stress. 
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Initial  Results.  The  exploitation,  of  the  massive  data  archi¬ 
ves  as  acquired  in  the  EOC  requires  meticulous  exploration  by  both 
existing  and  innovative  analytic  techniques.  Global  interactions, 
i.e.  weakly  positive  but  significant  correlations,  have  been  demon¬ 
strated  among  activity  data,  heart  rate,  heart  rate  variability, 
and  quantity  of  radio/telephone  traffic  or  work  load.  In  several 
cases,  local  but  sustained  negative  correlations  exist  between  work 
load  and  cardiac  variability.  Of  particular  interest  are  the  oc¬ 
casional  negative  spikes  in  heart  rate  variance  (see  Fig.  8). 

These  physiological  events  occur  in  no  clear  relationship  to  either 
workload  or  activity.  However,  they  may  point  to  particularly 
stressful  work  load  periods,  a  hypothesis  suggested  by  the  litera¬ 
ture  (e.g.  Sayers,  1971).  The  examination  of  verbal  and  emotional 
content  of  those  voice  recordings  concommltant  with  these  and  other 
patterned  physiological  events  is  planned. 

Circadian  variations  of  activity  and  heart  rate,  their  adap¬ 
tation  to  shift  changes,  and  event-induced  disruptions  of  rest  are 
readily  apparent  in  the  raw  data.  These  variations  are  more  pre¬ 
cisely  organized  by  time-series  analysis  using  the  method  of  mul¬ 
tiple  complex  demodulation  developed  lu  this  Department.  In  this 
way  phasic  adjustments  in  circadian  periods  and  amplitude  to  shift¬ 
work  schedules  are  displayed  as  in  Fig.  9.  Analysis  of  relative 
energy  and  of  energy  transitions  in  circadian  and  ultradian  compo¬ 
nents  is  under  way  with  the  focus  on  shift- transitions  with  explo¬ 
ration  for  entrainment  phenomena  related  to  quantity  or  content  of 
workload.  An  additional  physiologic  measure  will  become  avail¬ 
able  with  development  of  the  means  for  spectral  and  micro tremor 
analysis  of  voice  recordings  when  such  analysis  is  combined  with 
.verbal  and  situational  content  analysis. 

The  major  challenge  of  the  immediate  future  is  to  automate 
and  accelerate  explorational  statistical  and  analytical  procedures. 
This  development  will  be  applicable  to  the  several  other  sources 
of  data  available  to  this  department.  The  result  of  such  explo¬ 
rations  will  be  the  synthesis  of  testable  hypotheses,  new  labora¬ 
tory  research  designs,  and  more  efficient  field  research. 
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COUNTERMEASURES  REDUCE  POST- FLIGHT  SLEEP 


DAYS 

Fig.  1  -  Sleep,  before  and  after  deployment. 


EFFECTS  OF  COUNTERMEASURES  ON  POST- FLIGHT  FATIGUE 
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Fig.  2  -  Self-reported  fatigue  ratings  after  deployment, 
compared  to  Texas  baseline. 
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MEAN  ORAL  TEMPERATURE  (°F) 


GROUP  BODY  TEMPERATURE  ADJUSTMENT  AFTER  FLIGHT  (+6h) 


Fig.  3  -  Post-flight  body  temperatures  (large  groups); 

spline-fit  curves  compared  to  that  for  pooled 
Texas  baseline  groups. 


POST-FLIGHT  ADJUSTMENT  OF  BODY 
TEMPERATURE  IN  OLDER  SOLDIERS  (>30yrs.) 


Fig,  4  -  Post-flight  adjustment  of  temperature  in  older 
soldiers. 
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COUNTERMEASURES  REOUCE  POST-FLIGHT  SUBJECTIVE  FATIGUE  RATINGS 


KANSAS  GERMANY 


Fig.  5  -  Effect  of  countermeasures  on  self-rated  fatigue. 


EFFECTS  OF  TRANSMERIDIAL  FLIGHT  ON  LOOCAL  REASONING  BY  OLDER  AND  YOUNGER  SOLDIERS 

KANSAS  GERMANY 


DALY  TEST  SESSIONS 


Fig.  6  -  Logical  Reasoning  Task;  performance  of  older  and 
and  younger  soldiers  before  and  after  deployment. 
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Fig.  7  -  Activity,  workload,  and  heart  rate  data  for  26 
days  in  shiftworker  (EOC). 
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Fig.  8  -  Activity,  workload,  and  cardiac  measures  acquired 
during  a  single  EOC  watch  (evening  shift). 
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ordinal  circadian  cycle 


Circadian  periods  and  amplitudes  derived  from 
complex  demodulation  analysis  of  activity  data 
in  Fig.  7. 
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ADMINISTRATIVE  ACTIVITIES 


This  report  period  was  one  of  continuously  expanding  adminis¬ 
trative  demands.  Major  items  were  facility  construction  projects, 
staff  reorganization,  chairmanship  of  the  Tri -Service  Electromag¬ 
netic  Radiation  Panel  (TERP),  manpower  studies  and  programmatic 
reviews  at  several  levels  outside  of  DA  including  hearings  in 
the  U.S.  House  of  Representatives. 

A.  Construction 

This  report  period  marks  the  beginning  of  the  third  year  of 
a  construction  project  for  renovation  of  the  WRAIR  microwave 
exposure  facilities  at  Forest  Glen.  This  project  was  originally 
estimated  to  .:ake  6  to  9  months.  The  delays  we  have  experienced 
were  related  chiefly  to  problems  in  environmental  control  of  the 
anir.al  modules,  environmental  control  of  the  anechoic  chambers 
and  general  air  tempering  in  the  labs/offices.  Due  to  the 
failure  to  take  occupancy  in  the  present  report  period,  many 
other  facility  improvements  were  likewise  delayed.  These  include 
installation  of  the  high  peak  power,  pulsed  klystron  transmitter 
and  the  vertical  feed  in  Chamber  C.  Continued  problems  in  the 
basic  structure  and  existing  construction  have  played  a  large 
estimate  at  the  present  time  is  that  we  may  occupy  the  building 
early  in  the  first  quarter  of  FY  80. 

Another  construction  project  to  renovate  present  department 
space  in  the  reactor  room  of  Building  40  has  progressed  to  the 
steps  of  archetectural  plans  and  a  formal  budget  submission  for 
an  MCA  in  FY  80.  The  project  includes  division  of  the  present 
reactor  room  into  two  floors.  Office  space  will  be  in  the  lower 
level  and  laboratory  space  will  be  in  the  upper  level.  The 
laboratory  space  will  permit  expansion  of  in  vitro  studies  and 
commencement  of  a  new  project  in  millimeter  wave  bioeffects. 

B.  Programmatic  Review 

This  year  LTC  Larsen  was  elected  chairman  of  the  Tri-Service 
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Electromagnetic  Radiation  Panel  (TERP).  This  involves  an  ex¬ 
panded  role  as  TERP  spokesman  in  the  ever  growing  list  of 
requests  for  programmatic  review.  Major  items  in  that  task  were 
an  Office  of  the  Undersecretary  of  Defense  topical  review, 
development  of  a  Department  of  Commerce  task  force  (by  direction 
of  the  Office  of  Science  and  Technology  Policy)  to  formulate  a 
Biological  Effects  of  Non-ionizing  Electromagnetic  Radiation 
(BENER)  national  research  plan,  new  reporting  requirements  for 
the  National  Telecommunications  and  Information  Agency  (NTIA), 
hearings  for  the  U.S.  House  of  Representatives  Committee  on 
Natural  Resources  and  Environment  (chaired  by  Congressman  Ambro) 
and  appearances  before  the  Electromagetic  Radiation  Advisory 
Council.  These  activities  are,  of  course,  in  addition  to  pro¬ 
gram  reviews  within  DA  such  as  the  Congressional  Descriptive 
Summaries,  Modern  Army  Research  and  Development  Information 
System  and  the  RDAC.  Also,  a  DA  manpower  survey  was  taken  in 
the  present  report  period.  To  paraphrase  Winston  Churchill, 
never  have  so  many  reviewed  so  few! 

C.  Organizational  Alterations 

The  Department  of  Microwave  Research  over  the  last  two 
years  has  faced  a  mission  expansion  combined  with  a  staff 
decrease.  Although  manpower  analyses  have  verified  the  need  for 
additional  research  staff,  we  are  unable  to  recruit  capable 
individuals.  The  major  reason  for  this  recruitment  problem  is 
the  grades  we  are  able  to  offer.  The  grade  structure,  in  turn, 
is  a  function  of  our  organizational  level.  These  and  other 
considerations  have  resulted  in  a  two-step  plan  to  increase  our 
research  productivity  and  allow  us  to  meet  further  mission 
requirements  in  FY  80-82.  The  first  step  is  to  maximize  the 
productivity  of  our  present  staff  by  instituting  a  plan  for 
contractor  operation  of  the  WRAIR  microwave  exposure  facility  at 
Forest  Glen  with  retention  of  government  ownership  (i.e.  the  so 
called  G0C0  model  of  facility  operation).  A  Memorandum  of 
Understanding  was  developed  and  the  Electromagnetic  Compatibility 
Analysis  Center  was  designated  by  the  Assistant  Secretary  of 
Defense  as  the  performing  agency.  The  plans  call  for  a  facility 
manager,  a  microwave  engineer,  an  electronic  technician  and  a 
clerk  typist.  This  G0C0  model  will  compensate  for  staff  attri¬ 
tion  and  eventually  relieve  the  burden  of  facility  operation. 

We  expect  a  transition/training  period  of  ca.  6-12  months  after 
which  we  hope  to  accommodate  a  projected  increase  in  exposure 
facility  utilization  by  both  intramural  and  extramural  users. 
Subsequently,  those  intramural  staff  involved  with  facility 
operation  will  be  able  to  devote  their  time  and  energies  to  the 
expanding  needs  of  the  intramural  program. 
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The  second  step  is  a  proposal  to  reorganize  at  the  division 
level  pending  review  in  FY  81.  The  chief  advantages  are  staff 
expansion  with  a  grade  structure  that  allows  successful  recruit¬ 
ment  and  programmatic  development  into  areas  where  existing 
staff  expertise  is  not  available.  Concurrently,  we  plan  a  large 
expansion  in  the  contract  program  to  meet  the  urgent  mission 
needs  of  FY  80. 

RESEARCH  ACTIVITIES 

A.  Dosimetry:  Introduction 

Dosimetric  studies  are  among  the  most  fundamental  lines  of 
inquiry  with  respect  to  radiofrequency  radiation  (RFR)  bio¬ 
effects.  The  biological  consequences  of  RFR  exposure  depend 
largely  upon  the  spatial  and  temporal  distribution  of  absorbed 
RFR  energy.  In  this  research  topic,  there  presently  exists  two 
classes  of  projects:  those  based  upon  invasive  methods  of  dosi¬ 
metric  analysis  and  those  based  upon  non-invasive  methods  of 
dosimetric  analysis.  The  former  includes  projects  related  to 
implantable,  RFR  transparent  electrodes  for  biological  transduc¬ 
tion  and  RFR  compatible  telemetry.  The  second  category  contains 
projects  related  to  microwave  antenna  developments,  microwave 
scattering  parameter  measurement  systems  for  spatially  dependent 
insertion  loss  measurements,  microwave  differential  propagation 
delay  with  high  spatial  and  temporal  resolution  and  scanning 
systems  to  apply  these  microwave  devices  to  target  character¬ 
ization. 


1.  MIC  Electrode  Program:  Progress 

The  present  reporting  period  has  been  one  of  dis¬ 
appointing  productivity  in  this  area.  The  contractor  experi¬ 
enced  a  series  of  strikes  and  walkouts  which  lasted  over  a 
period  of  approximately  nine  months.  Plans  to  begin  preproduc¬ 
tion  runs  on  the  MIC  temperature  electrode,  therefore,  have  been 
delayed  to  FY  80.  However,  the  successful  conclusion  of  the 
development  phase  of  the  temperature  electrode  may  be  marked  by 
issuance  of  U.S.  Patent  #4,148,005  in  the  present  reporting 
period.  A  publication  describing  this  electrode  did  appear 
during  the  present  report  period. 

The  implantable  MIC  electric  field  probe  suffered  a  similar 
fate  of  slow  progress,  but  at  least  some  preliminary  development 
steps  were  accomplished.  These  included  a  demonstration  of  _ ^ 
acceptable  sensitivity  in  a  uniaxis  design  (20  uV/milliwatt  cm  ) 
and  satisfactory  isolation  (ca.  20  dB)  between  "orthogonal"  arms 
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in  a  triaxis  design.  Thus,  the  antenna  and  bias  free  detector 
performance  predictions  have  been  verified.  This  is  an  en¬ 
couraging  result  in  that  the  dimensions  are  smaller  than  here¬ 
tofore  attempted  (i.e.  25  y).  The  remaining  critical  area  of 
performance  verification  is  probe  sensitivity  to  the  complex 
permittivity  of  the  surrounding  medium.  This  task  will  be 
accomplished  in  FY  80  when  deliveries  are  complete. 

A  related  project  in  this  area  is  the  development  of  an  RFR 
compatible  telemetry  package.  The  design  and  development  of 
prototype  temperature  encoding  electronics  and  telemetry  trans¬ 
mitter  is  complete  and  has  been  partially  tested  using  a  simu¬ 
lated  temperature  transducer.  The  unit  has  been  constructed 
using  micropower  intergrated  circuits  which  provides  a  battery 
life  of  200-300  hours.  The  physical  size  of  the  unit  is  30  mm  x 
18  mm  x  8  mm  including  the  batteries  and  antenna.  This  unit 
operates  in  the  commercial  FM  band  (88-108  MHz)  and  has  a  range 
of  about  5  meters. 

2.  Non-invasive  Dosimetric  Analysis:  Progress 

The  water  coupled  antenna  development  has  been  the 
subject  of  U.S.  Patent  #4,162,500  which  issued  in  the  present 
report  period.  Also,  a  paper  on  the  antenna  appeared  in  the 
engineering  literature.  The  antenna  has  become  the  element  in  a 
water  coupled  array  for  high  speed  data  collection.  The  present 
electromechanical  scanner  requires  ca.  270  minutes  for  data 
collection.  The  water  coupled  array  will  reduce  the  data  collec¬ 
tion  time  by  a  factor  of  10  to  100.  In  addition  to  the  speed 
afforded  by  electronic  beam  steering,  the  system  will  include 
focusing  functions  and  accommodate  larger  targets.  The  array 
program  has  progressed  to  through  the  point  of  system  configura¬ 
tion  and  performance  prediction  by  computer  aided  design  (CAD). 
The. CAD  results  predict  that  -10  dB  beam  widths  in  elevation  and 
range  over  beam  steering  angles  of  60  degrees  in  all  directions 
will  be  in  the  order  of  6  to  10  mm  within  a  noise  floor  of  - 
125  dBm  for  arrays  of  ca.  150  elements.  In  all  focus  points,  the 
CAD  results  predict  worst  case  unwanted  polarization  ca.  -8  to  -10 
dB  relative  to  the  desired  polarization.  Better  performance 
occurs  as  scan  angle  is  decreased  to  zero  where  unwanted  polariza¬ 
tion  is  ca.  -40  dB.  The  project  is  now  to  the  point  of  element 
production  for  the  receive  array  while  CAD  studies  continue  for 
the  transmitter  array. 

The  methods  of  target  characterization  developed  in  the 
last  report  period  have  been  further  developed.  Two  papers  on 
the  subject  appeared  in  the  scientific  literature  during  the 
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present  report  period  on  the  scattering  parameter  and  time  delay 
methods  as  applied  to  phantom  tissue  dielectric  models.  The 
scattering  parameter  system  has  been  applied  to  isolated  canine 
kidney.  The  target  was  characterized  by  a  two-dimensional 
spatial  series  of  complex  numbers  for  the  magnitude  and  phase  of 
scattering  parameter  Sg-t  -  The  data  was  processed  as  two  real- 
valued  series  to  produce  magnitude  and  phase  dosimetric  images. 
The  final  data  demonstrated  that  the  spatial  variations  of  S2i 
for  canine  kidney  do  correspond  to  known  regional  specializations 
in  function. 

Microwave  hardware  improvements  to  the  differential  propa¬ 
gation  delay  system  now  allow  spatial  resolution  limit  of  ca.  5 
mm  and  a  propagation  delay  resolution  of  ca.  40  picoseconds. 

The  propagation  delay  system  was  shown  to  be  less  sensitive  to 
multipath  propagation  by  dielectric  guiding  at  the  organ/water 
bath  interface.  Interior  details  of  the  kidney  were,  of  course, 
different  for  the  propagation  delay  and  scattering  parameter 
systems,  but  the  general  comparability  of  results  at  the  level 
of  major  regional  specialization  within  the  kidney  was  most 
encouraging. 

From  the  perspective  of  hazards  analysis,  the  results 
suggest  that  the  outer  medullary  site  is  the  one  with  greatest 
insertion  loss.  To  the  extent  that  this  represents  greater 
energy  deposition,  we  may  infer  that  high  power  (4  GHz)  energy 
at  the  kidney  will  more  likely  effect  concentration  (water 
transport)  than  electrolyte  transport  or  filtration. 

3.  Dosimetric  Modeling:  Progress 

Computational  studies  of  the  spatial  distribution  of 
induced  electric  field  in  man-sized  phantoms  with  heterogeneous 
dielectrics  were  also  completed  and  published  in  this  report 
period.  These  studies  confirm  the  importance  of  realistic 
spatial  variations  in  complex  permittivity  in  that  peak  absorbed 
power  density  does  vary  by  a  factor  of  60%  in  comparison  to  the 
homogeneous  case  under  conditions  near  resonant  absorption. 

4 .  Analytical  Studies  of  Army  Radars:  Progress 

In  the  present  report  period,  a  two-year  project  on 
biohazard  analysis  of  Army  radars  was  concluded.  The  radar 
systems  were  described  in  terms  of  power  density  calculations 
for  near  field  main  beam,  side  lobes  and  back  lobes  of  fixed 
aperture  radiators.  The  systems  studied  were  Improved  Hawk, 

Nike,  Firefinder  and  Roland.  Main  beam  far  field  studies  were 
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completed  for  Patriot.  The  studies  were  based  upon  recommended 
site  configurations. 

B.  Dielectric  Relaxation:  Introduction 

This  programmatic  line  represents  the  most  fundamental 
level  of  work  within  this  report  period.  Since  dielectric 
relaxation  implies  studies  of  the  frequency  dependence  of 
complex  permittivity,  these  topics  are  basic  elements  of  any 
quantitative  description  of  the  microwave  propagation  in  bio¬ 
logical  dielectrics  and  the  mechanism  of  frequency  dependent 
absorption  in  biosystems  at  the  cellular  and  molecular  level. 

This  topic  includes  the  development  of  automatic  network  analyzer 
based  measurement  systems  for  high  speed  permittivity  analysis 
and  the  development  of  systems  for  the  measurement  of  complex 
permittivity  in  situ.  The  latter  is  especially  important  to  the 
extent  that  physiological  responses  do  in  fact  alter  the  complex 
permittivity  of  tissues.  Thus,  it  is  possible  that  microwave 
exposure  does  itself  alter  the  microwave  properties  of  the 
exposed  tissue/organ. 

1.  In  Vitro  Measurements  of  Dielectric  Relaxation 


Automatic  network  analyzer  (ANA)  based  measurements 
were  developed  in  the  prior  two'  report  periods.  In  brief 
recapitulation,  the  advantages  of  ANA  based  methods  are  chiefly 
those  related  to  speed  whereby  it  becomes  possible  to  collect 
the  dispersion  of  the  reflection  coefficient  at  100  frequency 
steps  over  a  bandwidth  from  1  to  5  octaves  in  a  time  of  ca.  1 
second  per  frequency.  It  is  now  possible  to  examine  the  temporal 
behavior  of  the  dispersion  during  physiologic  and  pathologic 
processes  with  time  bases  in  the  order  of  one  to  two  minutes. 

In  prior  reports,  these  methods  were  applied  to  the  HF  band  (1 
to  30  MHz)  for  examination  of  the  3  dispersion  due  to  the  cell 
membrane.  A  publication  describing  the  HF  band  work  appeared  in 
this  report  period. 

The  ANA  methods  were  extended  to  the  microwave  frequency 
range  in  the  present  report  period.  The  analytical  model  was 
altered  from  the  lumped  circuit  element  approach  in  the  HF  band 
to  a  total  loss  method  in  the  microwave  range  of  3-6  GHz.  Pre- 
formance  verification  has  taken  place  for  standard  dielectric 
liquids  such  as  water,  saline  solutions  and  various  organic 
solvents.  At  the  present  time,  studies  of  erythrocyte  cell 
suspensions  have  begun,  but  the  project  is  in  too  early  a  stage 
to  summarize  results  at  this  time. 
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2 .  In_  Situ  Measurements  of  Dielectric  Relaxation 

The  ANA  based  methods  were  applied  to  a  modified 
electrical  model  in  order  to  extend  its  data  collection  advan¬ 
tages  to  the  in  situ  setting.  Prior  report  periods  describe  the 
electrical  model  which  will  be  briefly  recapitulated  here:  A 
monopole  antenna  radiating  into  a  lossy  dielectric  medium 
exhibits  a  driving  point  admittance/impedance  which  is  dependent 
upon  the  complex  permittivity  of  the  medium.  Thus,  a  measure¬ 
ment  of  the  reflection  coefficient  at  the  driving  point  may  be 
used  to  estimate  the  complex  permittivity  of  the  medium  in  which 
the  antenna  is  "imbedded".  The  antennas  have  been  open-ended 
coaxial  lines  of  .085"  and  .141"  0D.  Frequencies  of  operation 
vary  between  1  and  4  GHz.  These  variously  have  small  ground 
planes  attached  to  the  outer  conductor  and/or  small  probes 
attached  to  the  inner  conductor.  The  dielectric  volume  at  the 
radiating  element  to  which  the  method  is  sensitive  is  ca.  9 
cubic  mm.  Prior  work  has  established  the  accuracy  and  sensi¬ 
tivity  of  the  method. 

Research  in  the  present  report  period  centers  on  the  effect 
of  physiological  and  pathophysiological  alterations  on  complex 
permittivity.  The  first  of  these  explored  the  effects  of  cir¬ 
culatory  alterations  and  post  mortem  changes  in  tissue  permit¬ 
tivity.  The  results  indicate  that  circulatory  cessation  produces 
a  prompt  decline  in  both  dieletric  constant  and  conductivity. 

This  is  followed  by  a  gradual  further  alteration  over  the  course 
of  the  next  few  hours  until  reasonably  stable  values  are  reached. 
These  results  have  the  important  implication  that  tabled  values 
,of  complex  permittivity  based  upon  extirpated  necropsy  specimens 
do  not  represent  the  microwave  properties  of  living  organs  and 
tissues.  The  error  involved  is  ca.  20-30%  in  both  dielectric 
constant  and  conductivity. 

C.  Thermoacoustic  Expansion:  Introduction 

In  1976,  the  Department  of  Microwave  Research  convened  a 
group  of  consultants  to  review  a  recent  but  small  body  of  experi¬ 
mental  data  which  implicated  low  average  power  microwave  radia¬ 
tion  as  an  agent  capable  of  inducing  alterations  in  the  blood- 
brain-barrier.  The  causitive  factor  was  thought  to  be  high  peak 
power  and  its  consequent  pressure  wave.  The  consensus  of  opinion 
was  that  the  experimental  methods  were  faulted,  but  that  the 
results  did  justify  further  examination  of  the  issues.  A  priority 
order  of  experimentation  should  begin  with  studies  of  membrane 
permeability  alterations,  followed  by  studies  of  isolated 
capillary  beds,  then  returning  to  in  situ  studies.  On  the  basis 
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of  that  recommendation,  two  studies  began  in  1977-78.  The  first 
was  a  study  of  neural  membrane  and  the  second  a  study  of  erythro¬ 
cyte  membrane.  In  the  former,  the  dependent  variable  was  altera¬ 
tions  in  the  optical  properties  of  the  neural  membrane  that 
accompany  propagation  of  an  action  potention.  In  the  latter, 
the  dependent  variables  were  ionic  and  enzymatic  partition 
shifts  from  the  intracellular  to  the  extracellular  space.  In 
both  cases,  the  experimental  designs  compared  pulse  and  con¬ 
tinuous  radiation  of  the  same  average  power. 

Thermoacoustic  expansion  may  be  further  implicated  in 
microwave  cataractogenesis.  Recent  ultrastructural  and  bio¬ 
chemical  studies  have  shown  that  early  changes  in  the  lens  fiber 
which  involve  membrane  deformation  and  cytoskeletal  alterations 
are  common  to  both  diabetic  and  thermal  cataracts. 

1 .  Neural  Membrane  Studies:  Progress 

This  year's  work  involved  developing  the  experimental 
apparatus,  exposing  many  nerve  preparations  to  microwave  radia¬ 
tion,  data  analysis,  drawing  conclusions  and  preparation  of  the 
publication.  The  equipment  development  included  reducing  inter¬ 
ference  in  the  nerve  action  potential  equipment,  installing 
cal  cite  polarizers  and  iris  in  the  optical  path  and  reducing 
transmission  of  vibration  to  the  equipment.  Also,  dissection 
procedures  for  the  animals  were  improved.  Data  was  taken  on  at 
least  50  pairs  of  nerves,  and  was  analyzed  by  time  averaging 
techniques  and  statistical  methods.  The  preliminary  conclusions 
are  that  exposure  to  microwave  radiation  accelerates  degradation 
of  the  birefringence  alterations  that  accompany  the  action 
potential.  Further,  pulsed  radiation  appears  to  be  more  effec¬ 
tive  than  continuous  radiation  of  the  same  average  power. 

2.  Erythrocyte  Membrane  Studies:  Progress 

A  blood  exposure  system  was  developed  that  applied 
uniform  microwave  energy  to  a  suspension  of  blood  cells,  while 
maintaining  them  at  a  constant  temperature,  with  agitation  but 
not  hemolysing  for  a  period  of  30  minutes.  This  required  elec¬ 
trodes  of  micro  flatness,  special  sealing  compounds  and  high 
stability  electronic  temperature  regulators.  The  now  completed 
pilot  phase  resulted  in  the  selection  of  the  optimum  biological 
indicator  (LDH)  for  the  condition  of  the  blood  cell  membrane. 

An  apparatus  which  allows  8  samples  of  blood  to  be  exposed 
simultaneously  has  just  been  completed,  and  will  allow  statisti¬ 
cally  significant  tests  for  effects  of  microwave  energy.  We 
intend  to  study  both  continuous  and  pulse  energy  at  the  relaxation 
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frequency  of  the  cell  membrane  and  other  non-resonant  frequen¬ 
cies. 


3.  Ocul ar  Effects ;  Progress 

In  vitro  thermal  studies  have  confirmed  that  these 
apparently  precataract  changes  are  detectable  with  lens  tem¬ 
perature  elevations  of  only  2°  C  as  opposed  to  the  prior  assumed 
threshold  of  4-6°  C.  Also  the  depth  of  heat  induced  membrane 
deformation  is  linearly  related  to  the  temperature  elevation. 

One  major  advantage  to  the  present  methods  is  the  use  of  tissue 
culture  methods  to  decrease  the  latency  between  the  time  of 
injury  and  optical  abberation  in  the  lens  fibers. 

Concurrently,  the  microwave  phase  of  the  project  began  with 
the  design  and  development  of  a  transmission  line  system  for  in^ 
vitro  exposures  of  isolated  lens.  The  experimental  procedures 
will  compare  pulse  and  continuous  exposures  of  the  same  average 
power  in  a  temperature  controlled  specimen  chamber.  The  Jjo 
vitro  exposures  are  to  be  followed  by  ill  situ  exposures  after 
the  pulsed  klystron  transmitter  and  exposure  facility  are  opera¬ 
tional. 

D.  Microwave  Technology  Application:  Introduction 

This  programmatic  line  contains  projects  with  no  direct 
relationship  to  hazards  research  either  at  the  6.1  or  6.2  level. 
Rather,  it  is  a  spin-off  of  the  microwave  research  program  into 
the  area  of  biochemistry  (more  specifically,  neurochemistry). 

The  goal  is  to  provide  for  rapid  inactivation  of  thermo! i able 
enzymer  in  the  brains  of  mice  and  rats  without  destruction  of 
regional  anatomy.  To  the  extent  that  enzyme-substrate  reactions 
may  be  examined  within  time  frames  comparable  to  physiological 
processes,  it  will  be  possible  to  produce  biochemical  correla¬ 
tions  of  numerous  physiological  and  pathophysiological  events 
wherein  temporal  sequences  are  a  primary  feature.  Also,  regional 
specialization  in  organs  such  as  brain  may  be  examined  for 
enzyme  kinetics  and  substrate  pool  variations  as  an  aid  to 
improved  understanding  of  behavior  and  the  actions  of  psycho¬ 
tropic  drugs. 

Two  projects  were  active  during  the  present  report  period. 
One  of  these  was  the  conclusion  of  an  analytical  study  of  field 
induction  in  three-dimensional,  heterogeneous  dielectrics  as  a 
means  to  simulate  design  candidates  for  improved  uniformity  of 
heating  for  complex  dielectrics  in  waveguide.  The  second  was 
the  beginning  of  a  project  to  develop  under  contract  an  improved 


inactivator.  The  improved  inactivator  is  intended  to  replace 
the  one  in  use  since  1975.  Its  main  features  will  be  improved 
regulation  of  the  net  power  delivered  to  the  load,  higher  peak 
available  power  and  improved  reproducibility  between  exposures. 

1 .  Analytical  Studies:  Progress 

This  project  contains  the  first  successful  three- 
dimensional  solution  of  the  field  equations  for  waveguides 
partially  filled  with  dielectrics.  The  analytical  approach  was 
that  of  the  tensor  Green's  function  followed  by  thermodynamic 
modeling  of  convection/radiation  cooled  dielectric  blocks.  The 
thermal  predicts  were  then  validated  by  thermograph  scans  of 
various  breakdown  models  of  dielectric  rectangles  exposure  in  WR 
284  under  the  presumed  conditions  of  placement,  power,  etc. 

The  conclusions  of  the  study  were  the  subject  of  a  publica¬ 
tion  and  presentation  during  the  present  report  period.  In 
general,  the  analytical  predictions  correctly  modeled  the 
general  patterns  of  field  induction  and  heating.  For  example, 
the  heating  peak  was  at  the  distal  end  of  the  block  and  it  was 
offset  to  the  appropriate  side.  However,  the  detailed  spatial 
distribution  of  predicted  heating  did  not  match  the  experi¬ 
mentally  measured  heating  pattern  in  that  the  peak  was  offset  by 
several  millimeters  (e.g. ,  2-5  mm).  In  light  of  the  importance 
of  distances  such  as  3  mm  in  the  structure  and  function  of  brain 
and  given  the  comparatively  simplified  dielectric,  the  conclu¬ 
sion  was  that  analytical  improvements  are  necessary  before  these 
methods  may  be  successfully  applied  to  inactivator  design. 

2 •  Hardware  Development:  Progress 

The  present  report  period  was  one  of  little  progress 
in  hardware  development.  An  RFP  was  produced,  bids  were  evalu¬ 
ated  and  an  award  was  made  to  Georgia  Institute  of  Technology. 
The  first  design  review  as  held  and  basic  system  configuration 
was  determined. 

3.  Cerebellar  Levels  of  cGMP  and  Locomotor  Activity 
in  Rats 


The  effect  of  locomotor  activity  on  brain  regional 
levels  of  cyclic  quanosine  3',  5'  -  monophosphate  (cGMP)  and 
cyclic  adensine  3' ,  5'  -  monophosphates  (cAMP)  was  studied  in 
collaboration  with  investigators  from  the  Department  of  Neuro¬ 
sciences  utilizing  the  technique  of  rapid  microwave  inactivation 
of  brain  enzymes.  Following  5  minutes  of  running  in  an  activity 
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wheel,  there  was  a  two-fold  elevation  over  control  levels  of 
cerebellar  cGMP.  Significant  elevations  were  seen  in  eight 
other  brain  regions.  No  changes  were  observed  in  cAMP.  Loco¬ 
motor  activity  may  contribute  to  elevations  in  cGMP  seen  in 
brains  of  rats  exposed  to  a  variety  of  stressful  conditions. 

E.  Behavioral  Program:  Introduction 

This  program  line  has  been  denied  access  to  the  anechoic 
chambers  at  our  exposure  facility  in  Forest  Glen  as  a  result  of 
the  continued  delay  in  completion  of  the  renovation.  Trans¬ 
mission  line  exposure  systems  have  been  acquired  to  fill  that 
need.  These  projects  will  utilize  a  circular  waveguide  exposure 
apparatus.  Insofar  as  it  is  a  transmission  line  exposure  system, 
unrestrained  animal  subjects  are  exposed  to  circularly  polarized 
microwave  fields  that  minimize  field  perturbations  due  to  subject 
movement  and  allow  for  continuous  accurate  measurement  of  energy 
absorption  by  the  power  difference  method. 

1 •  Behavioral  Project  Plans: 


a.  Behavioral  Detection  and  Discrimination 

This  project  will  investigate  microwave/central 
nervous  system  interactions  by  determining  the  limits  of  be¬ 
havioral  detection  and  discrimination  of  simple  and  complex 
microwave  signals  by  laboratory  animals.  Operant  behavioral 
techniques  will  be  utilized  for  the  psychophysical  assessment  of 
detection  thresholds  and  discrimination  functions  for  continuous 
and  pulsed  waveform  signals. 

b.  Blood-Brain-Barrier  Psychopharmacology 

Operant  psychopharmacological  techniques  will  be 
utilized  to  develop  behavioral  baselines  in  laboratory  animals 
which  should  be  sensitive  in  indicators  of  drug/microwave  inter¬ 
actions.  Possible  mechanims  include  drug/receptor  alterations 
and/or  alterations  in  the  permeability  of  the  blood-brain- 
barrier  to  specific  drug  agents.  Studies  will  employ  standard 
operant  paradigms  and  will  focus  on  behavioral  changes  induced 
by  continuous  or  pulsed  waveform  microwave  signals. 

c.  Conditioned  Taste  Aversion 

Previous  work  in  this  laboratory  has  utilized  the 
conditioned  taste  aversion  technique  for  determining  the  levels 
at  which  microwave  radiation  acquires  aversive  motivational 
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properties.  Microwave  thermal ization  has  been  compared  with 
heat  stress  as  the  unconditioned  stimulus  (see  FY  78  Annual 
Report).  Additional  work  has  been  conducted  during  FY  79  which 
expands  the  usefulness  of  this  technique  as  a  research  tool  for 
assessment  of  microwave  effects  on  central  nervous  system  and 
behavior. 

Rats  with  surgical  interruptions  of  the  mandibular  branch 
of  the  trigeminal  nerve  were  studied  for  their  ability  to  acquire 
and  retain  conditioned  taste  aversion.  These  studies  showed 
that  denervated  rats  acquire  and  extinguish  taste  aversion  in  a 
manner  comparable  to  controls,  but  show  lower  intake  of  a 
palatible  solution  of  saccharin-flavored  water.  Partially 
trigeminal  denervated  animals  exhibit  normal  detection  threshold 
and  aversion  curves,  however,  lesioned  animals  drank  signifi¬ 
cantly  less  than  controls  at  the  highly  preferred  concentra¬ 
tions.  Elimination  of  sensory  information  except  taste  from  the 
lower  portion  of  the  month  appears  to  reduce  the  incentive  value 
of  a  normally  preferred  substance. 

d.  Comparison  of  Free  Field  and  Transmission  Line 
Exposures 

Plans  were  developed  for  a  comparison  of  trans¬ 
mission  line  (circular  waveguide)  and  free  field  (anechoic 
chamber)  exposure  conditions.  Since  the  wavelength  of  the 
incident  radiation  in  the  transmission  line  is  ca.  3  times 
longer  than  that  in  free  space  at  the  same  frequency,  there  are 
significant  questions  about  the  comparability  of  experimental 
results  under  the  two  circumstances  and  the  generality  of  find¬ 
ings  in  transmission  line  exposures. 

e.  Energy  Absorption  and  Distribution 

With  completion  of  the  Bldg  502/503  research 
facility,  research  on  measurement  technologies  for  energy  absorp¬ 
tion  and  distribution  in  experimental  animals  and  models  simulat¬ 
ing  humans  will  be  resumed.  These  include  further  development 
of  whole-body  absolute  calorimetry  for  determining  average 
whole-body  dose  and  the  in  vivo  testing  of  the  radio  transparent 
electrodes  for  temperature  and  tissue  electric  fields  induced  by 
RF  irradiation. 


f.  Behavioral  and  Nervous  System  Effects 

With  completion  of  the  Bldg  502/503  research 
facility,  research  on  effects  of  plane  wave  fields  in  various 
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field  configurations  to  investigate  low  level  radiation  effects 
on  behavior  and  nervous  system  function  will  be  resumed.  Such 
studies  will  include  further  research  on  changes  in  excitability 
with  high  peak  power  pulsed  fields,  phenomenology  of  field 
escape  behavior  and  effects  of  stressors  (such  as  high  ambient 
humidity)  in  combination  with  RF  exposure. 

F.  Electronic  Support:  Introduction 

This  section  reports  major  products  of  the  electronic 
support  staff.  These  items  were  applied  to  various  research 
topics  as  indicated,  but  the  instrument  development  was  itself 
sufficiently  difficult  and/or  innovative  that  special  attention 
is  merited.  The  products  represent  three  classes  of  instruments: 
display  devices;  data  recording;  and  data  acquisition. 

1 .  Display  Devices 

During  the  report  period,  the  principle  project  com¬ 
pleted  was  the  3-D  display  system.  It  consists,  physically,  of 
two  units:  one  oscilloscope- type  vector  display  and  one  control 
console.  The  latter  contains  all  the  electronics  controls  to 
simulate  3-D  images,  test  patterns  and  interface  to  three  16  bit 
parallel  outputs  from  a  computer.  This  is  a  highly  complex 
system  that  uses  analog  techniques  to  magnify  images,  perform 
zoom  functions  and  rotate  perspective.  This  in-house  develop¬ 
ment  resulted  in  a  considerable  cost  saving  over  commercially 
available  units.  The  application  intended  is  for  use  with  the 
non-invasive  dosimetric  projects. 

2.  Data  Recording 

A  second  unit  completed  during  this  period  was  a 
scope-camera  trigger-unit.  It  permits  remote  triggering  of  a 
type  C-5-A  camera  from  a  microwave-power  meter.  This  to  facil¬ 
itate  single  events,  such  as  the  resulting  scope  trace  of  a 
single,  short  microwave  exposure.  The  intended  application  was 
for  variable  latency  (relative  to  power  application)  thermography 
in  support  of  the  MIC  electrode  program. 

3.  Data  Acquisition 

A  third  device  completed  was  a  microwave  sweep  oscillator. 
By  purchasing  a  relatively  inexpensive  YIG  oscillator  unit  and 
adding  a  linear  sweep  circuit  to  it,  developed  at  the  electronics 
shop,  we  were  able  to  construct  a  highly  linear,  very  fast 
microwave  sweep  oscillator  that  operates  in  the  2  GHz-4  GHz 
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range.  The  commercial  oscillators  are  about  15  times  slower, 
and  have  serious  problems  with  hysteresis  and  non-linearity. 
The  intended  application  is  to  serve  as  the  microwave  drive 
source  for  the  differential  propagation  delay  measurement 
system.  The  improved  speed  and  linearity  will  directly  con¬ 
tribute  to  improved  time  delay  resolution. 
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23.  (U)  The  technical  objective  of  this  work  unit  is  to  evaluate  the  effectiveness  of 
new  antimalarial  drugs  in  non-immune  human  volunteers  experimentally  infected  with 
malaria.  Studies  are  performed  in  support  of  the  Amy  antimalarial  drug  development 
program,  and  as  an  essential  part  of  each  official  Investigational  New  Drug  submission. 

24.  (U)  Normal  male  volunteers  are  recruited  from  the  civilian  population  of  the  greater 
metropolitan  Washington,  D.C.,  area  by  public  advertisement.  Each  individual  is  then 
evaluated  medically.  A  valid  informed  consent  to  participate  in  the  study  is  obtained. 
As  a  study  subject,  the  individual  is  admitted  to  an  in-patient  research  unit, 
inoculated  with  malaria  and  treated  with  the  drug  or  drugs  specified  in  the  protocol 

for  each  study.  Each  subject  is  then  observed  for  a  sufficient  period  of  time  to 
ensure  that  he  is  cured  of  malaria  and  free  from  any  adverse  effect  from  his  partici¬ 
pation  in  the  study. 

25.  (U)  78  10  -  79  09  WR  171,669  was  tested  for  efficacy  against  blood-induced 
Plasmodium  falciparum  Smith  Strain  in  eight  volunteers.  All  were  cured.  The  same 
drug  cured  both  cases  of  blood-induced  Plasmodium  vivax  Chesson  Strain  treated.  For 
technical  report  see  Walter  Reed  Army  Institute  of  Research  Annual  Progress  Report, 

1  Oct  78  -  30  Sep  79. 


I*A  to  iMiudtn  m(«w>  •rtgkntief*  iffvoil 


DD,»°“J498 


HMEVIOUI  COITION*  OF  THI*  FONM  ARC  ODBOLCTC.  DO  FORMS  l4l*A.  I  NOV  •* 
AND  MM  I.  1  MAR  **  (FOR  ARMY  CSC)  ARC  OIIOICTK. 


Project  3M362750A808  DRUG  AND  VACCINE  DEVELOPMENT 
Work  Unit  001  Phase  II  Antimalarial  Drug  Trials 
Investigators: 

Principal:  Melvin  H.  Heiffer,  Ph.D. 

Associate:  MAJ  R.  Desjardins,  MAJ  C.  Pamplin,  MAJ  T. 

Cosgriff,  COL  C.  Canfield,  LTC  B.  Doberstyn, 
MAJ  B.  Schuster 


1 .  Description. 

Phase  II  studies  in  human  volunteers  are  concerned  with 
evaluating  efficacy  of  drugs  in  a  limited  number  of  patients. 

This  type  of  study  is  the  essential  bridge  between  the  determi¬ 
nation  of  drug  tolerance  in  humans  and  the  wide  scale  study  of 
the  new  drug  in  human  patients.  Phase  II  studies  on  new  anti- 
malarial  compounds  involve  determining  the  drug  effect  on  the 
course  of  induced  malaria  infections  in  volunteers. 

2.  Evaluation  of  WR  171,669  in  the  treatment  of  multi-drug 
resistant  Plasmodium  falciparum  malaria" 

a.  Background: 

Antimalarial  chemotherapy  has  historically  occupied  a 
position  of  great  interest  and  concern  to  the  medical  community 
and  the  world  at  large.  Quinine  was  the  sole  effective  treat¬ 
ment  for  malaria  until  intensive  research  in  the  United  States 
during  the  Second  World  War  resulted  in  the  discovery  of 
chloroquine,  a  much  more  effective  drug.  The  introduction  of 
chloroquine  raised  hope  for  worldwide  eradication  of  the  disease. 
However,  not  only  have  eradication  efforts  proved  futile,  but 
today  2/3's  of  the  world's  population  remain  at  risk.  In  South¬ 
east  Asia  and  parts  of  South  America  the  majority  of  j\  fal¬ 
ciparum  parasites  have  developed  stable  resistance  to  chToro- 
quine  ana  most  other  available  antimalarials.  This  resistance 
is  of  enormous  significance. 

P.  falciparum,  Vietnam  Smith,  is  resistant  to  chloroquine, 
inhibitors  of  dinydrofolate  reductase  and  is  relatively  resistant 
to  quinine,  sulfonamides,  and  sulfones.  The  blood  sample  used  in 
this  study  was  obtained  from  Case  No.  506,  H.S.  Truman  Laboratory, 
Kansas  City,  Missouri,  on  April  3,  1975.  The  sample  is  HB 
antigen  and  antibody  negative  and  has  16,500  parasites/mm3. 
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Encouraging  results  prompted  the  selection  for  clinical 
trials  of  a  phenanthrenemethanol ,  WR  171,669.  In  Phase  I 
studies,  gastrointestinal  symptoms  of  nausea,  cramps  and 
diarrhea  limited  single  day  oral  dosage  of  WR  171,669  to 
1250  mg.  However,  no  physical  or  laboratory  abnormalities, 
phototoxicity,  or  gastrointestinal  blood  loss  were  noted  in 
subjects  receiving  this  drug  (Rinehart  et  al.,  1976).  Subjects 
receiving  WR  171,669,  250  mg  four  times  per  day,  became  sympto¬ 
matic  after  4-5  days  of  dosing.'  In  initial  Phase  II  studies, 

WR  171,669  given  orally  at  1  gram/day  for  3  days  cured  6/6 
subjects  with,  chi oroquine-resistant  (Vietnam  Smith)  and  3/3 
cases  of  chloroquine-sensitive  (Uganda  I)  infections  (Rinehart 
et  al.,  1976). 

These  preliminary  Phase  II  studies  have  shown  WR  171,669 
to  be  an  effective  antimalarial  agent.  However,  before  field 
trials  can  be  undertaken,  further  Phase  II  studies  are  needed 
to  confirm  cure  rates  and  optimize  dosage  schedules  in  non- 
immune  individuals. 

b.  Methods : 

i .  Selection  of  subjects: 

Subjects  for  this  study  were  recruited  from  the 
Military  Research  Volunteer  Subject  (MRVS)  population  at 
Ft.  De trick  and  from  the  non-military  population  of  the 
Washington,  D.C.  area.  These  subject  populations  primarily 
include  people  from  religious  groups,  college  students,  medical 
students  and  graduate  students.  The  non-military  subjects  were 
recruited  by  public  advertisement  (newspapers,  bulletin  boards) 
and  paid  by  JAG  approved  government  contractural  procedures. 

The  military  subjects  were  recruited  from  the  MRVS  population 
at  Ft.  Detrick  by  non-coercive  local  announcements  according 
to  existing  Army  Regulations. 

Healthy  male  subjects,  ages  21-50,  from  50-100  kg  in 
weight,  were  selected  for  this  study.  Prospective  subjects  were 
given  a  thorough  medical  history  review,  physical  examination 
and  laboratory  screening  at  Walter  Reed,  including  chest  x-ray, 
visual  acuity  (Snellen  chart),  audiometry,  electrocardiogram, 

CBC  and  platelet  count,  BUN,  creatinine,  total  protein  and 
A/G  ratio,  SGPT,  SG0T,  alkaline  phosphatase,  Na,  K,  Cl,  CO2. 

FBS,  urinalysis  and  HBsAg,  HBsAb,  by  RIA.  Minimum  criteria 
for  rejection  included,  but  were  not  limited  to,  a  history  of 
malaria,  hepatitis,  splenectomy,  significant  lymphadenopathy  or 
organic  heart  murmur  or  any  significant  laboratory  abnormality. 
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i i .  Informed  consent: 

Clinically  acceptable  subjects  were  fully  informed 
of  the  details  of  the  procedures  and  inherent  risks  according 
to  guidelines  set  forth  in  AR  70-25  and  AR  40-7.  Following 
discussion  with  the  investigators,  pursuant  to  the  above,  and 
reading  of  the  Subject  Information  Sheet,  written  consent  was 
obtained. 

iii.  Experimental  design: 

Three  treatment  groups  were  studied.  A  minimal 
curative  dose  regimen  was  sought  for  WR  171,669.  Subjects  were 
inoculated  with  the  Vietnam  Smith  Strain  and  treated  at  each  of 
the  following  dose  levels  in  sequence: 

WR  171,669  RX  Levels  Number  of  Subjects 

250  mg  q6hrs  x  3  days  3 

250  mg  q6hrs  x  2  days  3 

250  mg  q6hrs  x  1  day  2 

A  dosage  regimen  less  than  100%  effective  is  no 
longer  acceptable  in  view  of  the  recent  success  of  the  Army 
Antimalarial  Program  with  another  class  of  drug  (mefloquine). 
Therefore,  when  a  single  failure  occurs,  i.e.,  a  subject  is  not 
cured,  the  testing  sequence  is  discontinued,  the  patient  treated 
with  1.5  gm  mefloquine  administered  as  a  sinqle  dose  and  sub¬ 
sequently  followed  as  outlined  elsewhere. 


iv.  Clinical  procedures: 

Screening  procedures  were  performed  at  one  to  three 
weeks  before  transfer  to  Ward  200,  USAMRI ID.  Vital  signs  and 
temperature  were  recorded  at  least  four  times  per  day  during 
hospitalization. 

After  hospitalization  the  subject  was  infected  with 
falciparum.  Each  subject  was  inoculated  with  a  thawed 
deglycerol i zed  specimen  of  the  Vietnam  Smith  strain.  These 
specimens  have  tested  negative  for  Australian  Antigen. 

After  Inoculation,  the  subjects  remained  on  Ward  200, 
USAMRI ID,  Fort  Detrick,  Maryland,  and  were  examined  daily.  Five 
days  after  inoculation,  daily  specimens  of  blood  were  obtained 
for  parasite  counts.  When  patency  developed  or  clinical 


symptoms  appeared  parasite  counts  were  done  twice  daily  and  the 
battery  of  laboratory  tests  were  done  every  three  days.  When 
parasitemia  was  confirmed  by  two  positive  thick  smears,  oral 
treatment  with  WR  171,669  was  initiated. 

After  peripheral  blood  smears  were  negative  for 
malaria  parasites  for  at  least  5  days  and  the  individual  was 
asymptomatic,  he  was  discharged  from  the  hospital  for  outpatient 
follow-up  at  WRAIR.  Physical  examination  and  thick  smears  were 
then  done  weekly  thereafter  for  eight  weeks.  Clinical  chemistry, 
CBC  and  urinalysis  were  repeated  at  Walter  Reed  every  other  week 
for  eight  weeks.  RIA  for  HBsAg  and  HBSAB  were  repeated  every  two 
weeks  for  three  months  and  monthly  for  three  additional  months. 

Drug  efficacy  was  evaluated  by  calculating  cure  rate, 
parasite  and  fever  clearance  times. 

c.  Results: 

The  results  obtained  thus  far  with  treatment  of  malaria 
induced  with  the  Smith  strain  of  P.  falciparum  are  presented 
in  Table  1.  To  date,  WR  '-V  > 669  fias  resulted  in  cures  in  at 
least  five  of  the  eight  .nses.  Cure  is  defined  as  elimination 
of  parasites  from  the  blood,  disappearance  of  signs  and  symptoms 
of  malaria,  and  lack  of  recrudescence  during  the  60  day  follow¬ 
up  period.  Three  volunteers  have  been  followed  for  less  than 
60  days,  but  are  still  parasite-free. 

3.  Evaluation  of  WR  171,669  in  the  treatment  of  Plasmodium  vivax 
malaria’! 


a.  Background: 

In  order  to  predict  the  activity  of  new  antimalarial 
drugs  against  naturally  acquired  infections,  the  drugs  were 
tested  first  against  several  strains  of  P,  falciparum  and 
P.  vivax  which  had  been  characterized  witF  respect  to  drug 
resistance  and  the  clinical  course  of  illness  they  produced  in 
man.  Testing  against  these  specific  strains  has  become 
essential  for  the  clinical  evaluation  of  new  antimalarial  drugs, 
permitting  Indirect  comparisons  with  many  standard  and  investi¬ 
gational  drugs  tested  in  the  past.  Thus,  it  was  proposed  to 
test  the  blood  schizonticidal  activity  of  WR  171,669  in 
P.  vivax  CChesson  strain)  malaria. 

The  Chesson  strain  of  p.  vivax  was  first  isolated  during 
WW  II  from  a  SGT  Chesson  who  ha?  returned  from  duty  in 
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New  Guinea.  It  is  characterized  by  a  series  of  relapses 
occurring  at  short  intervals  following  a  primary  mosquito- 
induced  infection.  This  is  in  contrast  with  the  characteris¬ 
tically  unreliable  incubation  periods  and  long  relapse  inter¬ 
vals  of  other  characterized  strains.  Because  of  this  property 
of  a  reliably  short  incubation  period  and  early  relapse  time  of 
40-60  days,  this  strain  has  remained  for  more  than  30  years  the 
most  important  strain  of  its  species  for  the  study  and  develop¬ 
ment  of  antimalarial  drugs  in  man.  It  is  a  strain  which  closely 
mimics  the  P.  vivax  found  in  Southeast  Asia. 

The  specimen  of  Chesson  strain  vivax  used  in  these 
studies  was  rejuvenated  from  a  specimen  obtained  from  a  volun¬ 
teer  at  the  Maryland  House  of  Corrections.  Blood  from  this 
volunteer  was  cryopreserved  in  October  1974.  On  26  May  1976, 
the  frozen  specimen  of  blood  was  transported  from  WRAIR  to 
USAMRIID,  where  it  was  immediately  thawed  and  deglycerol i zed 
and  a  volunteer  subject  was  Inoculated  with  5  cc  of  re-suspended 
cells,  containing  approximately  5  x  1 06  parasites.  On  11  June 
1976,  the  volunteer  developed  clinical  malaria.  The  next  day, 
200  ml  of  blood  was  drawn  from  the  patient,  who  had  a  parasite 
count  of  approximately  200/mm3,  and  transported  to  WRAIR  on  wet 
ice.  At  WRAIR  the  blood  was  Immediately  glycerol ized  and  quick 
frozen  in  liquid  nitrogen.  The  subject  was  cured  with  a  single 
oral  dose  of  mefloquine  (1.5  gm).  The  parasite  clearance  time 
was  66  hours  and  the  fever  clearance  time  was  61  hours.  His 
specimen,  now  preserved  in  liquid  nitrogen,  should  remain  viable 
indefinitely  and  is  the  source  of  the  inoculum  for  this  study. 

A  six-month  follow-up  of  this  donor  subject  revealed  no  clinical 
or  serological  evidence  of  hepatitis. 

Encouraging  results  prompted  the  selection  for  clinical 
trials  of  another  phenanthrenemethanol ,  WR  171,669.  In  Phase  I 
studies,  gastrointestinal  symptoms  of  nausea,  cramps  and 
diarrhea  limited  single  day  oral  dosage  of  WR  171,669  to 
1,250  mg.  However,  no  physical  or  laboratory  abnormalities  or 
phototoxicity  were  noted  in  subjects  receiving  this  drug. 
Subjects  receiving  WR  171,669,  250  mg  four  times  per  day, 
developed  these  same  gastrointestinal  symptoms  after  4-5  days 
of  dosing.  In  initial  Phase  IT  studies,  WR  171,669  was  given 
orally  in  doses  of  1  gm/day  for  three  days  and  cured  six  out  of 
six  subjects  with  chloroquine-resistant  (Vietnam  Smith)  and 
three  out  of  three  cases  of  chloroquine-sensitive  (Uganda  I) 
infections  (Rinehart  et  al.,  1976). 

These  preliminary  Phase  II  studies  have  shown  WR  171,669 
to  be  an  effective  antimalarial  agent.  However,  before  field 
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trials  can  be  undertaken,  further  Phase  II  studies  are  needed  to 
confirm  cure  rates  and  to  optimize  dosage  schedules  in  non- 
immune  individuals.  In  addition,  it  is  necessary  to  test  the 
effectiveness  of  WR  171,669  against  vivax  malaria  because  of 
problems  associated  with  current  therapy. 

b.  Methods: 

i .  Selection  of  subjects: 

Subjects  for  this  study  were  recruited  from  the 
Military  Research  Volunteer  Subject  (MRVS)  population  at 
Ft.  Detrick  and  from  the  non-military  population  of  the 
Washington,  D.C.,  area.  These  subject  populations  primarily 
include  people  from  religious  groups,  college  students,  medical 
students  and  graduate  students.  The  non-military  subjects  were 
recruited  by  public  advertisement  (newspapers,  school  bulletin 
boards,  etc.)  and  paid  by  JAG  approved  government  contractual 
procedures.  The  military  subjects  were  recruited  from  the  MRVS 
population  at  Ft.  Detrick  by  non-coersive  local  announcements 
according  to  existing  Army  regulations.  Healthy  white  male 
subjects,  ages  18-50,  from  50-100  kg  in  weight,  were  selected 
for  this  study.  (The  study  is  limited  to  Caucasians  because  of 
the  known  decreased  susceptibility  of  blacks  to  P.  vivax 
infection.)  Prospective  subjects  were  given  a  thorough  medical 
history  review,  physical  examination  and  laboratory  screening  at 
USAMRIID  or  Walter  Reed,  including  chest  x-ray,  visual  acuity 
(Snellen  chart),  audiometry,  electrocardiogram,  CBC  and  platelet 
count,  BUN,  creatinine,  total  protein  and  A/G  ratio,  SGPT,  SGOT, 
alkaline  phosphatase,  Na,  K,  Cl,  C02,  FBS,  G-6-PD  assay, 
urinalysis  and  HBsAb,  HBsAg  by  RIA.  Minimum  criteria  for 
rejection  included,  but  were  not  limited  to,  a  history  of  malaria, 
hepatitis,  splenectomy,  significant  lymphadenopathy  or  organic 
heart  murmur,  or  any  significant  laboratory  abnormality, 
including  decreased  G-6-PD  activity. 

ii.  Informed  consent: 

Clinically  acceptable  subjects  were  fully  informed 
of  the  details  of  the  procedures  and  inherent  risks  according 
to  the  guidelines  set  forth  in  AR  70-25  and  AR  40-7.  Following 
discussion  with  the  investigators  pursuant  to  the  above  and 
reading  of  the  subject  information  sheet,  written  consent  was 
obtained. 
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i i i .  Experimental  design; 


One  treatment  group  was  studied.  Two  subjects 
inoculated  with  the  Chesson  Strain  who  became  patent  were 
treated  with  WR  171,669,  250  mg  every  6  hours  for  3  days. 

A  dosage  regimen  found  to  be  less  than  100%  effec¬ 
tive  is  no  longer  acceptable  in  view  of  the  recent  success  of 
the  Army  Antimalarial  Program  with  another  class  of  drug 
(mefloquine).  Therefore,  when  a  single  failure  occurs,  that  is, 
a  subject  is  not  cured,  the  testing  sequence  is  discontinued  and 
the  patient  treated  with  a  standard  regimen  of  1.5  gm  of  chloro- 
quine  administered  over  3  days  (the  treatment  of  blood  induced 
P.  vivax  with  primaquine  is  not  required,  since  exoerythrocytic 
forms  do  not  develop). 

iv.  Clinical  procedures; 

Screening  procedures  were  performed  one  to  three 
weeks  before  transfer  to  Ward  200,  USAMRI ID.  Vital  signs  and 
temperature  were  recorded  at  least  four  times  per  day  during 
hospitalization. 

After  hospitalization,  the  subject  was  infected  with 
P.  vivax  (Chesson  strain).  Each  subject  was  inoculated  with  a 
thawed  deglycerol i zed  specimen  of  the  strain.  The  deglycerol iza- 
tion  procedure  performed  at  USAMRIID  consists  of  a  stepwise 
washing  of  the  specimen  using  a  sterile  technique  with  USP 
sterile  saline  and  hypertonic  glycerol  with  four  decreasing 
concentrations  of  glycerol  until  the  final  specimen  for  inocula¬ 
tion  is  suspended  in  10  cc  of  isotonic  USP  sterile  saline.  This 
stepwise  procedure  is  necessary  to  maintain  viability  of  the 
parasites.  A  0.1  cc  aliquot  of  the  final  inoculum  is  frozen  at 
-20°C  for  60  days  for  potential  retrospective  microbiological 
studies  in  the  event  of  unexplained  febrile  illness. 

The  subjects  were  quartered  on  Ward  200,  Ft.  Detrick, 
Maryland,  and  examined  daily.  Five  days  after  inoculation,  daily 
specimens  of  blood  were  obtained  for  parasite  counts.  When 
patency  developed  or  clinical  symptoms  appeared,  parasite  counts 
were  done  twice  daily  and  the  laboratory  tests  outlined  elsewhere 
done  every  three  days. 

When  parasitemia  was  confirmed  by  two  positive  thick 
smears,  oral  treatment  with  WR  171,669  was  initiated. 
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After  peripheral  blood  smears  were  negative  for 
malaria  parasites  for  at  least  five  days  and  the  individual  was 
asymptomatic,  he  was  discharged  from  the  hospital  for  outpatient 
followup  at  LJSAMRIID  or  WRAIR.  Physical  examination  and  thick 
smears  were  done  weekly  thereafter  for  eight  weeks.  Clinical 
chemistry,  CBC  and  urinalysis  were  repeated  at  Walter  Reed  every 
other  week  for  eight  weeks. 

When  the  subject  failed  to  become  parasitemic  within 
three  weeks  after  inoculation,  presumptive  cure  with  1.5  gm 
chloroquine  was  given  and  he  was  followed  for  8  weeks. 

Drug  efficacy  was  expressed  as  cure  rate,  parasite 
and  fever  clearance  times. 

c.  Results: 

Six  volunteers  were  inoculated  with  the  Chesson  strain 
of  Plasmodium  vivax.  Only  two  of  the  volunteers  became  patent. 

The  others  were  treated  with  a  standard  course  of  chloroquine 
phosphate  when  patency  failed  to  develop.  The  results  obtained 
thus  far  with  treatment  of  malaria  induced  with  the  Chesson 
strain  of  P.  vivax  are  presented  in  Table  2.  Both  cases  are 
considered  cures. 
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23.  (U)  The  objective  is  to  manage,  integrate,  and  provide  technical  direction  for 
both  a  contract  and  in-house  program  to  obtain  potentially  active  antiradiation 
compounds  for  military  use  through  rational  organic  syntheses. 

24.  (U)  Necessary  research  areas  are  defined,  proposed  research  evaluated,  ongoing 
research  guided,  evaluated,  and  integrated  with  the  other  program  elements.  Technical 
advice  is  obtained  through  an  Ad  Hoc  Study  Group  on  Medicinal  Chemistry.  Information 
is  exchanged  by  contractors  through  technical  meetings. 

25.  (U)  Synthesis  of  potential  antiradiation  agents  has  been  confined  to  latentiated 
WR  2721  and  the  no-nitrogen  type  agents.  No  testing  data  have  been  obtained.  For 
technical  report  see  Walter  Reed  Army  Institute  of  Research  Annual  Progress  Report, 
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Project  3E162780A843  MEDICAL  SYSTEMS  IN  CHEMICAL  DEFENSE 
Work  Unit  001  Synthesis  of  Antiradiation  Drugs 
Investigators : 

Principal:  Thomas  R.  Sweeney,  Ph.D. 

Associate:  Daniel  L.  Klayman,  Ph.D. 

The  main  thrust  of  this  recently  initiated  program  is  to 
design  and  synthesize  effective  antiradiation  drugs  that  will 
be  effective  by  oral  administration  and  at  least  maintain  the 
dose  reduction  factor  obtained  with  WR  2721. 

Two  research  areas  have  been  pursued  during  the  year.  One 
is  the  latentiation  of  WR  2721  in  such  a  way  that  the  active 
moiety  will  be  released  in  vivo  after  oral  administration.  The 
second  is  the  investigation  of  the  so-called  "no  nitrogen" 
class  of  agents.  The  latentiation  effort  has  involved  difficult 
problems  in  product  purification.  The  testing  of  the  "no¬ 
nitrogen"  target  compounds  has  not  yet  been  carried  out. 

In  addition  to  the  above  areas,  work  on  the  synthesis  of 
certain  amidinium  disulfides  and  trithiooarbonate  blocking  of 
essential  thiol  has  just  been  initiated. 
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j 23.  (U)  To  find  new  drugs  with  chemoprophy lactic  activity  against  ionizing  radiation 
injury,  which  can  be  used  by  military  personnel  in  the  event  of  exposure. 

24.  (U)  Selected  chemical  compounds  synthesized  by  the  Army  progiam  will  be  tested  for 
radioprotective  activity  in  gamma-irradiated  mice.  Differences  in  radioprotective 
activity,  toxicity  and  pharmacology  effected  by  various  chemical  analogs,  products  and 
formulations  will  be  evaluated  in  mice. 

25.  (U)  A  research  plan  and  detailed  protocols  have  been  completed.  Radiation  equip¬ 
ment  for  rodent  exposures  has  been  acquired  and  installed,  and  safety  checks  and  dosi¬ 
metry  are  being  performed.  Nine  compounds  have  been  selected  for  study  and  are  being 
synthesized  in  kilogram  quantity.  A  study  to  determine  the  ability  of  UR  2721  to  pro¬ 
tect  mice  against  neutron  irradiation  is  in  progress.  No  additional  animal  studies 
have  been  initiated  to  date.  A  computer  analysis  of  the  utility  of  real  and  hypothe¬ 
tical  radioprotective  drugs  in  3  tactical  nuclear  scenarios  has  been  completed.  Signi¬ 
ficant  reduction  in  the  number  of  radiation  casualties  was  observed,  and  significant 
number  of  personnel  were  protected  to  an  extent  that  prolonged  combat  effectiveness 
could  be  anticipated.  For  Technical  Report,  see  Walter  Reed  Army  Institute  of  Research 
Annual  Progress  Report,  1  Oct  78  -  30  Sep  79. 
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Project  3E162780A843  MEDICAL  SYSTEMS  IN  CHEMICAL  DEFENSE 
Work  Unit  002  Chemoprophylaxis  of  Ionizing  Radiation  Injury 
Investigators: 

Principal:  COL  David  E.  Davidson  Jr.,  VC 
COL  Peter  S.  Loizeaux,  VC 
CPT  Richard  L.  Donovan,  MSC 
Associate:  Marie  M.  Grenan 

CPT  Michael  S.  Wysor,  MSC 

1.  Description: 

Efforts  to  develop  radioprotective  drugs  or  combinations  of 
drugs  for  use  in  protecting  military  personnel  against  radiations 
from  nuclear  weapons’  attacks  are  being  resumed.  WR  2721,  the 
best  candidate  protective  drug  developed  by  the  WRAIR  Program 
prior  to  1970,  had  greatly  improved  radioprotective  activity  by 
intraperitoneal  administration,  providing  a  dose  reduction  factor 
of  2.7  in  laboratory  mice,  a  three-hour  duration  of  protection, 
and  improved  tolerance  compared  to  earlier  radioprotective  amino- 
thiols.  The  protective  activity  of  WR  2721  after  oral  adminis¬ 
tration  was  poor  in  mice  and  non-existent  in  subhuman  primates. 
This  shortcoming  must  be  overcome  if  this  protective  compound  is 
to  be  considered  as  a  candidate  for  use  by  military  populations 
by  self -administration. 

Among  the  objectives  of  the  new  program  is  the  development  of 
orally  effective  radioprotectors.  Approaches  will  include  pro¬ 
drug  synthesis  and  formulation  efforts  with  WR  2721  and  its  close 
analogs,  and  Investigation  of  chemical  analogs  of  known  superior 
experimental  compounds  from  the  former  program.  The  new  program 
will  also  investigate  the  ability  of  the  newer  drugs  to  protect 
against  neutron  irradiation. 

2.  Progress: 

a.  Radiation  Protection  Studies  in  Mice 

Extensive  preparations  have  been  made  for  this  project, 
but  actual  animal  experimentation  has  not  been  initiated.  A 
comprehensive  research  plan  has  been  developed,  and  initial 
protocols  have  been  written. 

A  cesium-137  small  animal  irradiator  has  been  installed 
which  will  be  used  for  rodent  irradiations,  and  dosimetry  and 
safety  testing  are  in  progress. 
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Nine  radioprotective  compounds  have  been  selected  from 
among  those  developed  in  the  former  program,  and  these  are  being 
synthesized  in  kilogram  quantity: 

WR  638  WR  77913 

WR  2529  WR  151,327 

WR  2721  WR  168,643 

WR  3689  WR  176,542 

WR  44923 

These  particular  compounds  have  been  selected  for  further 
animal  studies  because  of  their  potent  radioprotective  activity 
and  superior  tolerance.  WR  3689,  WR  44923,  WR  151327,  WR  168643 
and  WR  176542  have  oral  protective  activity  in  mice  superior  to 
WR  2721. 


b.  Computer  Analysis  of  Radioprotective  Drug  Utility  in 
Three  Tactical  Scenarios 

(1)  Scenarios.  The  scenarios  used  to  evaluate  the 
utility  of  radioprotective  drugs  are  those  employed  in  the 
USACAA  study  INCA  77  (1)  and  the  TRASANA  SCORES  nuclear  extension 

(2).  Weapons  laydown  IA  and  ID  were  used  for  the  TRASANA  study. 
This  evaluation,  therefore,  is  based  on  two  force  laydowns 
challenged  with  three  weapons. 

(2)  Model.  The  computer  model  NUCAS  II  was  used  to 
determine  the  number  of  casualties  from  each  scenario.  This 
model  computes  the  number  of  casualties  suffering  blast,  thermal 
and  initial  radiation  injury  as  well  as  the  number  suffering  from 
combinations  of  two  or  more  of  these. 

(3)  Analysis.  The  dose  reduction  factors  (DRF)  selected 
for  the  analysis  represent  DRF’s  obtained  experimentally  in  mice 
for  either  real  or  hypothetical  radioprotective  compounds.  In 
mice,  cysteine,  an  early  radioprotective  drug,  had  a  DRF  of  1.5 
against  gamma  radiation  and  1.1  against  neutrons.  WR  2721  had  a 
DRF  of  2.7  in  mice  against  gamma  radiation,  and  is  represented  in 
the  analysis  by  a  DRF  of  3.0.  Its  protective  activity  against 
neutrons  has  been  demonstrated,  but  the  DRF  is  unknown.  Although 
DRF  of  5.0  has  never  been  attained  in  vivo  with  any  experimental 
drug,  this  value  was  included  to  demonstrate  what  the  benefits 
would  be  if  a  protector  with  a  higher  DRF  could  be  developed. 

Two  simplifying  assumptions  persist  throughout  the  analysis: 
that  the  drugs  used  have  no  effect  other  than  changing  the  bio¬ 
logical  response  to  ionizing  radiation  and  the  neutron/gamma 
relative  biological  effectiveness  (RBE)  is  unity.  These 


assumptions  have  not  been  verified  experimentally  in  man.  It  is 
also  assumed  that  the  protective  drug  was  taken  before  the  attack, 
and  that  all  personnel  were  fully  protected  throughout  the  attack. 

(4)  Results 

The  usefulness  of  radioprotective  drugs  can  be  expressed 
in  two  ways  -  as  an  increase  in  survival  following  exposure  to 
nuclear  radiation  or  as  an  increase  in  unit  effectiveness  for 
some  critical  period  following  exposure.  Commanders  are  interest¬ 
ed  in  both  viewpoints  and  both  were  examined. 

Table  1  shows,  as  a  function  of  scenario  and  dose  reduc¬ 
tion  factor  (DRF) ,  the  number  of  casualties  in  several  initial 
radiation  exposure  bands.  These  casualties  all  have  sufficiently 
severe  injuries  to  require  hospital  admission  and  treatment.  The 
injuries  may  be  due  to  initial  nuclear  radiation,  blast  effects, 
thermal  effects,  or  combinations  of  two  or  more  of  these  effects. 
Those  shown  to  have  an  initial  nuclear  radiation  dose  less  than 
600  rads  have  a  high  probability  of  survival  (but  not  early 
return  to  duty)  when  given  proper  medical  care.  Those  receiving 
more  than  600  but  less  than  1000  rads  have  little  chance  of 
survival,  even  with  intensive  medical  care,  but  can  be  expected 
to  survive  for  a  period  of  2-3  weeks,  and  to  be  capable  of  some 
level  of  performance  throughout  all  but  the  terminal  portion  of 
that  period.  At  doses  of  1000-3000  rads,  survival  of  no  more 
than  3-5  days  can  be  expected  regardless  of  the  level  of  medical 
care  provided  and  performance  beyond  2-3  days  is  improbable. 

Above  3000  rads,  immediate  neurological  incapacitation  is 
expected,  and  such  casualties  have  to  be  considered  immediately 
non-functional. 

The  reduction  in  the  number  of  casualties  effected  by 
radioprotective  drugs  of  various  DRF’s  can  be  observed  in  the 
"total  casualties"  column  of  Table  1.  With  increasing  DRF,  the 
number  of  casualties  is  reduced.  This  reduction  in  total 
casualties  represents  the  increase  in  the  number  of  individuals 
receiving  less  than  a  150  rad  dose  provided  that  the  individuals 
had  no  burn  cr  blast  injury.  Thus  the  reduction  in  total 
casualties  shown  in  Table  is  an  underestimation  of  the  total 
benefits  of  the  radioprotective  drugs  because  the  life-saving 
protective  effect  for  individuals  who  also  have  casualty-produc¬ 
ing  blast  or  burn  injuries  is  not  taken  into  account. 

Table  1  indicates  significant  increases  in  the  number  of 
casualties  in  all  of  the  radiation  bands  below  3000  rads.  This 
effect  of  the  radioprotective  drugs  is  due  to  reduction  of  the 
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number  of  casualties  immediately  incapacitated  by  doses  of  radia¬ 
tion  in  excess  of  3000  rads.  The  significance  of  this  beneficial 
effect  of  radioprotective  drugs  is  that  it  enables  many  casualties 
to  perform  for  periods  of  time  ranging  from  hours  to  weeks  instead 
of  being  promptly  incapacitated.  Thus  these  casualties,  although 
many  will  ultimately  die,  may  be  capable  of  contributing  to  the 
short-term  post-attack  operations  of  their  units. 

The  gains  in  numbers  of  personnel  in  various  radiation 
bands  produced  by  radioprotective  drugs  in  each  of  the  three 
scenarios  are  presented  in  Table  2.  In  this  table  only  radiation 
casualties  are  considered.  Casualties  receiving  burn  or  blast 
injuries  in  addition  to  radiation  injuries  are  not  considered  in 
this  table,  although  such  casualties  would  also  benefit  if  they 
were  protected.  The  individuals  in  Table  2  are  thus  true  gains 
in  effective  personnel,  because  their  radiation  injury  is  not 
complicated  by  other  injuries. 

The  category  "no  effect"  refers  to  those  personnel  having 
a  radiation  exposure  of  less  than  150  rads  and  no  other  injury. 

The  "non  lethal"  category  includes  (rather  arbitrarily)  those 
with  a  radiation  dose  less  chan  600  rads  and  having  no  other 
significant  injury.  The  "effective  for  hours"  category  refers  to 
those  personnel  having  a  radiation  dose  less  than  1000  rads  with 
no  other  injury  and  the  "effective  for  minutes"  category  refers 
to  those  receiving  a  radiation  dose  less  than  3000  rads  with  no 
other  injury.  The  effects  of  various  DRF’s  in  the  several 
scenarios  differ  widely  and  are  affected  by  other  hidden  vari¬ 
ables  such  as  dispersion,  accuracy  of  target  acquisition  and 
weapon  delivery,  and  protective  posture  (shielding)  at  the  time 
of  attack.  The  gains  in  effective  personnel  are  very  significant 
in  each  scenario  (compared  to  total  casualties  in  Table  1)  when 
the  DRF  is  at  least  three.  Even  the  radioprotective  drugs  with 
a  DRF  of  only  1,5  had  a  definite  beneficial  effect. 

In  all  three  tactical  scenarios,  there  appeared  to  be  a 
significant  tactical  effect  for  DRF's  of  three  or  above,  especi¬ 
ally  when  short  term  troop  effectiveness  was  considered.  The 
experimental  costs  associated  with  achieving  a  DRF  of  three  have 
not  been  assessed  here  and  thus  no  overall  conclusions  on  cost 
effectiveness  of  the  research  and  development  effort  can  be 
reached  at  this  time.  It  should  be  pointed  out  that  the  RBE  for 
the  performance  degradation  studied  here  may  be  less  than  one 
and,  since  the  DRF’s  were  measured  against  the  endpoint  of 
lethality,  the  magnitude  of  the  DRF’s  required  for  tactical 
significance  may  have  been  overestimated. 
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Table  1.  Number  of  casualties  in  various  initial  radiation 

exposure  bands  (excluding  those  killed  by  blast  effects) 


INCA 


Gamma 

DRF 

Neutrons 

0-600 

rads 

0-1000 

rads 

0-3000 

rads 

Total 

Casualties 

*1 

* 

1 

736** 

924 

1668 

7247 

1.5 

1.1 

766 

976 

1789 

7221 

1.5 

1.5 

822 

1100 

2005 

7104 

3.0 

3.0 

1085 

1487 

2680 

7065 

5.0 

5.0 

1362 

1874 

3203 

6941 

*1 

* 

1 

TRANSANA 

3995** 

LD  ID  GAINS 

4308 

4990 

7584 

1.5 

1.1 

4031 

4344 

5002 

7417 

1.5 

1.5 

4046 

4364 

5028 

7388 

3.0 

3.0 

4167 

4482 

5109 

7077 

5.0 

5.0 

4258 

4548 

5138 

6852 

* 

1 

* 

1 

TRANSANA 

4137 

LD  1A  GAINS 

5117 

7324 

14892 

1.5 

1.1 

4260 

5230 

7398 

14632 

1.5 

1.5 

4403 

5408 

7594 

14388 

3.0 

3.0 

4866 

5892 

7897 

13460 

5.0 

5.0 

5149 

6119 

7990 

12717 

* 

No  protective  drug  administered. 

Individuals  receiving  less  than  150  rads  and  no  other  injury 
are  considered  non-casualties. 
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Table  2 .  Gains  in  effective  personnel  due  to  Dose  Reduction 
Factors 


INCA 


Y 

DRF 

n 

No 

Effect 

(0-149 

rads) 

Non 

Lethal 

(150-599 

rads) 

Effective 
for  hours 
(600-999 
rads) 

Effective 
for  minutes 
(1000-3000 
rads) 

1.5 

1.1 

26 

46 

63 

112 

1.5 

1.5 

56 

121 

196 

307 

3.0 

3.0 

182 

448 

615 

884 

5.0 

5.0 

306 

776 

1011 

1292 

TRASANA  LD  ID 

GAINS 

1.5 

1.1 

167 

147 

143 

126 

1.5 

1.5 

196 

186 

185 

171 

3.0 

3.0 

507 

506 

509 

444 

5.0 

5.0 

732 

744 

720 

618 

TRASANA  LD  1A 

GAINS 

1.5 

1.1 

260 

285 

275 

235 

1.1 

1.5 

504 

578 

589 

540 

3.0 

3.0 

1432 

1608 

1806 

1578 

5.0 

5.0 

2175 

2340 

2286 

1935 
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Description 

Studies  are  directed  toward  development  of  the  basic  sciences 
necessary  to  better  evaluate  the  effects  upon  the  human  of 
blast  overpressure  generated  by  firing  extended  range  Army 
weapons  systems.  This  requires  a  detailed  investigation  of 
the  biochemical  and  physiological  changes  occurring  in  the 
lung  during  acute  injury  in  an  attempt  to  describe  markers 
of  early,  subclinical  lung  injury.  The  assessment  of  lung 
injury  from  any  cause  has  been  impeded  by  the  absence  of  a 
sensitive  indicator  of  early,  developing  injury.  By  the  time 
that  the  chest  roentgenogram  has  become  abnormal  and  clinical 
symptoms  are  present,  pulmonary  edema  is  well  advanced.  All 
studies  done  to  date  examining  blast  induced  injury  in  animals 
have  utilized  the  microscopic  appearance  of  the  lungs  at  autopsy 
as  the  determinant  of  injury;  thus  the  "threshold"  of  injury 
is  defined  as  the  lowest  overpressure  at  which  petechial  hemor¬ 
rhage  appears  in  the  lungs.  The  ability  to  detect  earlier 
stages  of  injury  is  absolutely  dependent  upon  the  detection 
of  biochemical  or  physiological  markers  reflecting  the  patho¬ 
physiological  alterations  in  the  lung.  Such  markers  would 
also  permit  assessment  of  the  evaluation,  progression,  and 
resolution  of  injury,  as  opposed  to  present  autopsy  studies 
which  allow  evaluation  of  only  a  single  point  during  the  time 
course  of  injury. 

In  order  to  address  these  issues,  the  research  effort  described 
in  WRAIR  Research  Protocol  (005-79)  "Physiological  and  Bio¬ 
chemical  Assessment  of  Acute  Hemorrhagic  Pulmonary  Edema  in 
the  Dog"  is  now  underway.  Acute  hemorrhagic  lung  injury  is 
produced  by  intravenous  injection  of  oleic  acid,  and  kinins, 
prostaglandins,  and  coagulation  parameters  assayed  in  arterial 
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and  venous  blood  as  potential  markers  of  injury.  Pulmonary 
tissue  volume  and  capillary  blood  flow  will  be  measured  to 
determine  their  ability  to  adequately  quantitate  early  injury. 
This  protocol  is  currently  in  progress,  and  since  results 
are  still  incomplete,  only  the  development  of  the  model,  metho¬ 
dologies  for  assay  of  the  biochemicals,  and  instrumentation 
and  methodology  for  the  rebreathing  technique  will  be  described 
in  this  report. 

Many  hormonal  alterations  are  known  to  occur  in  a  variety 
of  pathophysiologic  conditions;  these  changes  may  occur  in 
the  hypothalamus,  pituitary,  and  thyroid  glands  and  in  peri¬ 
pheral  tissues.  Studies  are  currently  directed  toward  examining 
the  effects  of  various  stresses  upon:  a)  the  peripheral  metabo¬ 
lism  of  iodothyronines  (thyroid  hormones  and  their  metabolites) 
and,  b)  the  hypothalamic-pituitary  control  of  these  activities. 
These  results  are  summarized. 


Progress 


1.  Physiological  and  Biochemical  Assessment  of  Acute  Hemorrha¬ 
gic  Pulmonary  Edema  in  the  Dog. 


a.  Canine  Model:  A  canine  model  was  selected  because 
the  dog  is  of  sufficient  physical  size  to  allow  reasonable 
ease  of  placement  of  the  required  catheters  and  because  the 
dog  has  an  adequate  blood  volume  to  allow  removal  of  the  re¬ 
quired  blood  samples  without  inducing  hypotension.  General 
anesthesia  is  induced  with  pentobarbital  sodium  (35  mg/kg'' 
and  respiratory  paralysis  with  pancuronium  bromide  (0.25  mg/kg). 
Additional  doses  of  each  are  administered  at  30  minute  intervals 
to  maintain  adequate  anesthesia  and  to  suppress  sprntaneous 
respiratory  activity.  A  Swan-Ganz  thermodi iut ion  catheter 
is  placed  into  a  wedge  position  in  the  pulmonary  artery  via 
the  right  external  jugular  vein;  additional  catheters  are  placed 
in  the  right  internal  carotid  artery,  and  the  inferior  vena  cava 
via  the  right  femoral  vein.  These  catheters  are  flushed  with 
saline  as  necessary  to  maintain  potency.  The  Sw.-.n-Ganz  catheter 
is  utilized  for  monitoring  pulmonary  artery  and  pulmonary 
arterial  wedge  pressures,  and  thermodilution  cardiac  outputs, 
the  superior  vena  caval  catheter  for  monitoring  central  venous 
pressures  and  obtaining  venous  blood  samples,  the  arterial 
catheter  for  monitoring  arterial  pressures  and  obtaining  arteri¬ 
al  blood  samples,  and  the  inferior  vena  caval  catheter  for 
injection  of  oleic  acid. 


The  trachea  is  intubated  with  a  cuffed  endotracheal  tube  and 
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the  animal  ventilated  with  room  air  by  a  constant  volume  ventila¬ 
tor.  Tidal  volume  is  set  at  15  ml/kg  and  the  rate  adjusted 
to  maintain  end-tidal  Pco^  at  40  Torr.  Inspired  and  expired 
gas  concentrations  are  monitored  continuously  by  an  eight-chan¬ 
nel  mass  spectrometer  via  a  line  attached  to  the  tracheal 
cannula.  The  electrocardiogram,  central  venous  pressure,  pulmo¬ 
nary  artery  pressure,  systemic  arterial  pressure,  airway  pres¬ 
sure,  and  ventilatory  0^  and  CO^  concentrations  are  recorded 
continuously  by  a  multi-channel  strip  chart  recorder.  Thermodi¬ 
lution  cardiac  output  is  measured  every  30  minutes.  Arterial 
and  venous  blood  samples  are  obtained  simultaneously  every 
30  minutes  for  measurement  of  prostaglandins,  kinins,  and 
coagulation  parameters. 

At  the  end  of  data  collection  for  a  particular  dog,  the  chest 
is  opened,  inferior  and  superior  vena  cava  ligated,  the  trachea 
cut  2  cm  above  the  carina  and  the  lungs  removed.  After  severing 
all  connecting  vessels  and  tissue  at  the  hilum,  blood  is  drained 
passively  from  the  lungs.  The  lungs  are  then  weighed,  frozen 
in  liquid  nitrogen,  and  freeze  dried  to  constant  weight.  The 
lungs  are  homogenized  and  an  aliquot  of  the  homogenate  assayed 
for  Fe  content  by  atomic  absorption  spectroscopy.  This  Fe 
content  is  then  utilized  to  determine  the  blood  content  of  the 
lungs  and  to  correct  wet  and  dry  weights  accordingly. 

b.  Oleic  Acid  Induced  Hemorrhagic  Pulmonary  Edema: 

Oleic  acid,  an  18-carbon  mono-unsaturated  free  fatty  acid, 
produces  hemorrhagic  pulmonary  edema  when  injected  intravenous¬ 
ly,  with  extent  of  injury  proportional  to  the  dose.  Low  doses 
produce  little  clinical  evidence  of  injury  but  macroscopic 
injury  is  present  in  the  lungs  in  the  form  of  irregularly 
distributed  hemorrhagic  lesions  which  progress  into  ventral 
and  subplural  areas  of  consolidation  (1).  Higher  doses  will 
produce  severe  injury  characterized  by  tachypnea,  decreased 
lung  compliance,  and  hypoxemia  with  death  within  several  hours. 
The  lungs  of  these  animals  show  severe  hemorrhagic  edema, 
vascular  congestion,  and  atelectasis  (2). 

Histologically,  edema  and  capillary  congestion  become  evident 
within  one  hour  after  injection;  alveolar  edema  and  hemorrhage 
and  septal  necrosis  are  present  within  6  to  12  hours.  These 
findings  are  less  evident  by  24  hours  and  except  for  moderate 
edema,  are  not  present  after  one  week.  After  2  to  4  weeks, 
areas  of  interstitial  and  septal  fibrosis  are  present.  The 
mechanism  by  which  oleic  acid  produces  these  lesions  is  suggest¬ 
ed  by  the  electron  microscopic  data.  Early  capillary  congestion 
appears  to  be  caused  by  thrombi  containing  fibrin,  platelets, 
and  cell  debris.  At  this  time  endothelial  and  type  I  alveolar 
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cells  appear  necrotic  and  are  separated  from  the  basement 
membrane.  Four  hours  post  injection,  capillary  obstruction 
is  no  longer  evident  but  endothelial  cells  show  increasing 
abnormalities  for  the  next  20  hours.  The  cellular  events  occur¬ 
ring  after  24  hours  reflect  a  proliferation  of  type  II  cells 
and  an  increase  in  collagen  (2). 

In  our  model  an  oleic  acid  dose  of  35  mg/kg  was  found  to  produce 
the  desired  injury  level  at  two  hours  with  30-50%  reduction 
in  Po?  and  approximately  a  two  fold  increase  in  the  ratio 
of  wet  lung  to  whole  body  weight.  At  autopsy  the  lungs  show 
consolidated  areas  of  hemorrhage  located  primarily  on  ventral 
surfaces.  Histologic  evaluation  done  2  hours  after  oleic  acid 
revealed  a  sub-plural  vasculitis  with  some  degree  of  alveolar 
edema  and  fibrin  deposition.  There  was  no  evidence  of  intravas¬ 
cular  thrombosis,  and  no  extra  pulmonary  evidence  of  injury. 
Interestingly,  dogs  autopsied  30  minutes  after  oleic  acid 
displayed  consolidated  and  focal  hemorrhages  almost  indistin¬ 
guishable  in  appearance  from  the  120  minute  dogs.  However, 
the  lung  wet  weight  to  whole  body  ratios  were  normal  to  only 
slightly  elevated,  suggesting  that  the  oleic  acid  induced 
injury  begins  as  local  hemorrhage  without  edema  with  subsequent 
slow  evolution  of  fluid  edema  beginning  between  60  and  90 
minutes.  This  corresponds  with  the  arterial  blood  gas  measure¬ 
ments,  which  reveal  falling  P02  during  the  same  time  frame. 

Higher  doses  of  oleic  acid,  70  mg/kg  and  100  mg/kg,  produced 
much  more  severe  injury,  with  bloody  froth  in  the  endotracheal 
tube  within  90  minutes  and  severe  hypoxemia  (Po2=40  torr). 

Death  occurred  within  120  minutes  from  hypoxemia  and  severe 
acidosis. 


c.  Biochemical  Markers:  Three  classes  of  biological 
molecules  are  under  investigation  as  potential  markers  of 
early  lung  injury:  vasoactive  peptides,  prostaglandins,  and 
coagulation  components,  A  single  enzyme  located  on  the  endothe¬ 
lial  cell  plasma  membrane  -  angiotensin  I  converting  enzyme 
or  kininase  II  -  is  capable  of  inactivating  the  nonapeptide 
bradykinin  and  converting  the  inactive  decapeptide  angioten¬ 
sin  I  to  the  vasoconstrictor  octapeptide  angiotensin  II  during 
passage  through  the  pulmonary  circulation  (3).  Disruption 
of  the  endothelial  cell  might  be  expected  to  alter  the  metabo¬ 
lism  of  these  peptides.  Bradykinin  is  also  formed  and  released 
during  both  local  and  systemic  (anaphylaxis)  injury.  Bradykinin 
is  formed  in  plasma  from  kininogen  by  the  enzyme  kallikrein; 
kallikrein  is  itself  activated  from  prekal 1 ikrein  by  activated 


Hageman  factor.  In  order  to  adequately  categorize  the  bradykinin 
system,  it  is  necessary  to  measure  both  kallikrein  and  bradyki¬ 
nin.  Our  Laboratory  has  developed  a  significant  improvement 
over  existing  bradykinin  radioimmunoassays  which  require  multi¬ 
pie  chromatography  steps  and  result  in  recoveries  often  as 
low  as  607„  (4).  This  newly  developed  methodology  requires 
a  single  step  separation  of  bradykinin  from  plasma  on  Saphadex 
G- 25  PD-10  columns,  with  a  bradykinin  recovery  of  85% ,  and 
with  a  lower  limit  of  sensitivity  of  25  pg/ml.  Utilizing  this 
assay,  20-30  plasma  samples  may  be  totally  assayed  within 
6  hours  (5).  Kallikrein  is  measured  by  u^e  of  the  synthetic 
substrate  TAME  (tyrosyl-arginyl-meth^l  (  Ip-ester),  which 
is  converted  to  tyr-arg  +  methanol  (  H).  H  methanol  is  then 
counted  as  an  index  of  kallikrein  activity. 

The  angiotensin  I  converting  enzyme  is  present  in  plasma  as 
well  as  lung  tissue.  Although  the  plasma  enzyme  is  much  less 
active  than  the  lung  endothelial  system  (6),  a  recent  study 
suggests  that  both  enzymes  behave  identically  after  purifica¬ 
tion  (7).  The  only  discernible  difference  between  the  two 
enzymes  was  in  carbohydrate  content.  Thus  the  plasma  enzyme 
may  well  originate  from  the  pulmonary  endothelial  cell  and 
the  level  of  the  plasma  enzyme  may  thus  reflect  endothelial 
injury.  Angiotensin  1  converting  enzyme  activity  will  be  assayed 
utilizing  the  synthetic  substrate  (  H)  higpuryl-histadyl- 
Jpucine;  the  enzyme  cleaves  his-leu  from  H-hip,  and  thus 
'H-hip  may  be  separated  and  counted  as  an  index  of  converting 
enzyme  activity. 

The  prostaglandins  are  a  complex  family  of  acid  lipids  which 
mediate  a  wide  variety  of  physiological  events  (8).  Parent 
prostaglandins  of  the  E  and  F  series  entering  the  pulmonary 
circulation  are  effectively  removed  from  the  blood  by  active 
transport  across  the  endothalial  cell  membrane,  where  they 
are  both  metabolized  and  stored.  They  are  also  synthesized 
within  the  lung,  and  released  into  the  systemic  circulation 
in  response  to  a  variety  of  insults  such  as  anaphylaxis  and 
pulmonary  edema.  The  prostaglandins  PGE„  and  PGF^  are  metabo¬ 
lized  to  13,14-dihydro  -15-kito  degradation  products.  Large 
quantities  of  the  degradation  products,  but  not  of  the  parent 
prostaglandins,  are  released  during  anaphylaxis  (9).  These 
13,14-dihydro  -15-keto  products  have  a  half  life  in  blood 
of  8k  minutes,  and  are  further  metabolized  primarily  in  the 
liver  (10).  Thus  these  degradation  products  provide  a  relatively 
stable  index  of  prostaglandin  metabolism.  Our  laboratory  now 
has  functional  radioimmunoassays  for  prostaglandins  F^a  13, 
14-dihydro  -15-keto  F ,  and  13, 14-dihydro  -15  keto-E^,  with 
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a  range  of  sensitivities  from  5  -  10,000  pg.  The  antibody 
for  the  metabolite  cross-reacts  fully  with  that  of  the 
F„  ,  and  thus  it  can  be  used  to  detect  the  combined  metabolites 
or  and  E  .  Early  results  of  this  protocol  show  marked 
elevat  ions  or  these  combined  metabolites  within  30  minutes 
of  oleic  acid  infusion. 

Minimal  endothelial  injury  results  in  local  platelet  aggra- 
gation  and  fibrin  deposition  (11),  with  activation  of  coagula¬ 
tion  probably  secondary  to  high  concentrations  of  thrombo 
plastin  on  the  plasma  membrane  of  the  endothelial  cell  (12). 

It  has  been  suggested  that  complement  activation  may  also 
occur  during  coagulation.  Activated  C3  is  covalently  linked 
to  leukocytes  and  enzthrocytas  as  they  circulate  past  sites 
of  injury;  thus  if  blood  cells  can  be  demonstrated  to  acquire 
C3  during  passage  through  the  lungs,  this  would  be  strong 
evidence  of  early  injury.  Arterial  and  venous  platelet  counts 
and  coagulation  profile  (to  include  fibrin  split  products) 
will  be  measured,  as  will  total  serum  complement  by  the  hemo¬ 
lytic  method  using  sheep  erythrocytes  sensitized  to  the  classi¬ 
cal  pathway  of  complement  activation.  If  this  assay  shows 
evidence  of  complement  activation  across  the  pulmonary  circu¬ 
lation,  a  more  sensitive  technique  searching  for  C3  covalently 
linked  to  enzthrocytes  or  leukocytes  will  be  utilized.  C3 
binding  will  be  measured  using  fluorescain  or  rhodamine  labeled 
antibody  to  C3. 

d.  Pulmonary  Function  Testing;  Pulmonary  tissue  volume 
(VT)  and  pulmonary  capillary  blood  flow  (Q  )  are  measured 
by'a  soluble  gas  uptake  technique  involving  the  rebreathing 
of  a  helium,  acetylene,  oxygen  and  nitrogen  gas  mixture  (13). 

is  defined  as  the  volume  of  tissue  and  fluid  which  absorbs 
acetylene  from  airways  during  the  first  breath  of  the  rebreath¬ 
ing  period.  Thus,  V  represents  the  septal  tissue  of  the  lung 
and  has  been  shown  to  be  sensitive  to  varying  degrees  to  inter¬ 
stitial  pulmonary  edema.  Q  is  defined  the  rate  of  blood  flow 
thru  capillaries  in  ventilated  lung  regions  which  accounts 
for  the  constant  rate  of  disappearance  of  acetylene  from  the 
lung-bag  system  during  the  15  to  20  second  rebreathing  period. 
Because  of  anatomic  and  physiologic  shunting  of  blood  away 
from  ventilated  regions  of  the  lung,  Q  is  a  variable  fraction 
of  the  cardiac  output  which  is  on  the  order  of  10%  in  normal 
dogs . 

Preliminary  inspection  of  rebreathlng  data  collected  to  date 
has  shown  that  the  technique  as  applied  in  our  laboratory 
produces  results  comparable  to  those  in  the  literature 
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(Table  1).  This  data  was  summarized  from  the  t=0  min  measurement 
period  and  thus  represents  control  values  for  healthy,  anesthe¬ 
tized,  paralyzed  and  ventilated  dogs  lying  in  the  supine  posi¬ 
tion.  Additional  analyses  are  on-going  to  determine  the  rela¬ 
tionship  of  V  and  $  to  developing  oleic  acid-induced  lung 
injury  as  well  as  the  relationship  between  V^,  and  post-mortem 
lung  weights. 

e.  Experimental  Design:  In  order  to  determine  the 
relationship  between  the  variables  measured  by  both  the  rebreath¬ 
ing  technique  and  the  biochemical  assays  and  developing  pulmo¬ 
nary  edema,  animals  will  be  sacrificed  at  30,60,90  and  120 
minutes  post  oleic  acid  injection.  Four  animals  will  be  needed 
for  each  of  the  above  conditions;  an  additional  four  animals 
will  be  sacrificed  at  time  0,  without  receiving  an  injection 
of  oleic  acid.  Arterial  and  venous  blood  samples,  arterial 
blood  gases,  thermodilution  cardiac  output,  and  rebreathing 
measurements  will  be  performed  every  30  minutes,  beginning 
30  minutes  before  oleic  acid  infusion. 

2.  Endocrinologic  Studies 

a.  Peripheral  Metabolism  of  Iodothyronines :  In  the 
past  3  years,  many  studies  have  documented  that  thyroxine 
may  be  converted  peripherally  (primarily  in  liver  and  kidney) 
to  either  T3  (metabol ical ly  very  active)  or  reverse  T3  (essen¬ 
tially  inactive),  depending  upon  whether  deiodination  occurs 
at  the  phenolic  or  cyrosyl  ring.  This  process  is  enzymatic, 
and  it  is  now  known  that  metabolism  is  altered  by  a  variety 
of  stresses  including  starvation,  high  dose  glucocorticoids, 
acute  medical  illnesses  (including  malaria),  chronic  diseases, 
surgery,  severe  burns,  and  a  number  of  pharmacologic  agents. 
Interestingly,  in  all  these  instances  the  organism  markedly 
decreases  conversion  to  T3  and  increases  conversion  to  reverse 
T3.  One  might  think  this  alteration  in  metabolism  would  be 
protective,  since  it  diverts  the  body  away  from  production 
of  a  catabolic,  active  hormone  (i.e.  T3)  to  an  inactive  hormone 
(rT3).  Limited  kinetic  studies  indicate  a  more  complex  process 
is  involved.  Moreover,  it  is  unclear  whether  this  shift  in 
iodothyronine  metabolism  is  always  beneficial  since  in  certain 
circumstances  it  appears  to  predict  a  fatal  outcome. 

T3  and  rT3  may  be  further  deiodinated  (14)  to  di iodothyronines 
(3',  5'  T2;  3,  3'  T2;  and  3,  5  T2)  and  monoiodothyronines 
(31  Tl;  3  Tl),  and  development  of  sensitive  and  specific 
radioimmunoassays  for  these  iodothyronines  (15-17)  has  permitted 
investigations  into  the  effects  of  various  pathophysiologic 
states  on  the  pathways  of  deiodination. 
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Most  studies  investigating  peripheral  deiodination  have  assessed 
T4  to  T3  conversion  in  vitro  in  rat  liver  homogenates  or  micro- 
somes.  This  process  involves  deiodination  at  the  5'  position, 
and  the  putative  enzyme  has  been  designated  "5 ' -deiodinase" . 

There  are  2  other  substrates  that  also  may  be  deiodinated 
at  the  5'  position,  these  being  rT3  and  3',5'T2,  and  several 
laboratories  have  shown  that  rT3  to  3,3 ' T2  conversion  behaves 
similarly  to  T4  to  T3  conversion.  This  has  led  to  the  specula¬ 
tion  that  there  is  only  one  5 1 -deiodinase  (localized  to  micro- 
somes).  However,  using  a  radioimmunoassay  (RIA)  developed 
in  this  laboratory  (16),  we  have  been  able  to  evaluate  3', 

5'T2  to  3'T1  conversion  .in  vitro.  Fully  expecting  this  reaction 
to  behave  identically  to  the  other  2  reactions  for  5'-deiodi- 
nation,  it  came  as  a  surprise  when  significant  cytosol  enzymatic 
activity  was  discovered.  A  series  of  experiments  during  the 
past  year  has  determined  that  indeed  there  may  be  more  than 
one  5'-deiodinase,  as  the  enzyme  activities  in  microsom^s 
and  cytosol  have  different  Kms  of  8.6x10  M  and  2.4x10  M, 
respectively  (18),  Moreover,  the  changes  reported  for  T4  to 
T3  and  rT3  to  3,3'T2  conversion  during  hyper-and  hypothyroidism 
and  during  fasting  are  not  identical  to  those  for  3  * , 5 ' T2 
to  3'Tl  conversion  (19).  This  was  first  recognized  in  homoge¬ 
nates,  and  we  have  recently  extended  our  observations  to  demon¬ 
strating  that  during  fasting  conversion  of  T2  to  T1  is  not 
inhibited  in  cytosol,  whereas  it  is  in  microsomes.  The  signifi¬ 
cance  of  more  than  one  enzyme  is  not  readily  apparent  at  the 
presert  time,  especially  since  the  major  b'-deiodination  of 
metabolic  importance  (i.e.  T4  to  T3)  seems  to  be  regulated 
by  but  one  enzyme.  However,  it  may  be  that  an  additional  "scaven¬ 
ger"  enzyme  is  important  in  more  efficiently  deiodinating 
these  inactive  metabolites  so  that  iodide  can  be  recycled 
for  the  production  of  new  hormone. 

Current  and  projected  studies  include  development  of  an  RIA 
for  3-monoiodothyronine  (the  only  iodothyronine  yet  to  be 
identified),  in  vitro  studies  tyrosyl  ring  deiodination,  dose 
response  studies  of  pharmacologic  agents  that  affect  thyroid 
hormone  metabolism,  and  purification  of  the  enzyme(s)  involved. 

b.  Human  Kinetics:  A  second  area  of  interest  is  the 
kinetics  of  iodothyronines  in  humans.  The  metabolic  clearance 
rate  (MCR)  and  production  rate  (PR)  of  reverse  T3  in  patients 
with  hyper-and  hypothyroidism  was  recently  repoi^^d  (20). 

This  study  was  done  using  a  bolus  injection  of  I-rT3, 
similar  to  the  method  used  for  determining  T4  and  T3  kinetics. 
Extending  these  studies  to  3',5'T2,  we  have  learned  that  this 
hormone  is  so  rapidly  metabolized  (even  during  the  study) 
that  a  constant  function  is  necessary,  and  that  serum  samples 
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must  be  processed  on  a  G-25  Sephadex  column  to  isolate  the 
T2  fraction.  A  new  concept  emerging  from  this  study  pertains 
Js^doing  the  infusions  with  unlabelled  hormone  rather  than 
I-hormone  and  measuring  serum  concentrations  by  RIA.  This 
method  has  never  been  applied  to  iodothyronines ,  so  infusions 
of  both  labelled  and  unlabelled  hormone  (separate  days,  same 
patients)  have  been  performed  and  the  preliminary  results 
indicate  the  2  methods  are  comparable  (21).  It  is  advantageous 
to  establish  that  use  of  unlabelled  hormone  is  valid,  both 
because  of  avoiding  the  use  of  isotope  and  because  of  the 
ease  of  processing  samples. 


Current  investigations  involve  the  study  of  other  stresses 
which  influence  3 ' , 5 ' T 2  metabolism,  and  also  kinetic  studies 
of  3,3 ' T2 . 


c.  Thyroid  Hormone  Receptors:  The  initial  site  of 
action  of  thyroid  hormone  appears  to  be  localization  of  T3 
(and  possibly  T4)  at  intranuclear  receptor (s) .  While  receptors 
have  been  demonstrated  in  many  tissues  in  the  body,  most  studies 
have  used  rat  liver  nuclei  because  of  technical  considerations. 
The  liver  may  not  reflect  the  effect  of  thyroid  hormone  on 
other  target  organs,  however,  and  we  have  some  preliminary 

data  suggesting  that  T3  receptors  in  the  heart  are  altered 
in  a  manner  differently  than  in  liver  in  hyper-  and  hypothyroid 
rats  (22-23). 

d.  Hypothalamic-Pituitary  Disorders:  Using  starvation 
as  a  stress  model,  alterations  in  both  the  secretion  and  syn- 
thens  of  thyrotropin  (TSH)  from  the  pituitary  gland  have  been 
demonstrated  during  a  prolonged  infusion  of  thyrotropin  re¬ 
leasing  hormone  (22-23).  Changes  in  glucogen  kinetics  during 
fasting  also  appear  to  be  regulated,  at  least  in  part,  by 
alterations  in  serum  T3  (24). 
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TABLE  1 


Rebreathing  Data  Summary.  Control  Values. 


Variable 

Present  Study 

Peterson  et  al  (13) 

BW  (kg) 

22  +  3  (20) 

19  +  3  (20) 

VT  (ml) 

233  +  63  (20) 

215  +  51  (20) 

Qc  (L/min) 

2.7  +  0.6  (20) 

2.5  +  0.6  (20) 

Vt/BW  (ml /kg) 

11 

12 

QC/BW  (ml/min/kg) 

114 

132 

CO 

3.5  +  1.0  (14) 

3.8  +1.0  (15) 

Qc/C0 

74% 

! 

66% 

BW=  Body  Weight;  Vj=  pulmonary  tissue  volume;  Qc=  pulmonary  capillary  blood  flow; 
C0=  cardiac  output  determined  by  thermal  dilution  (present  study)  or  by  dye 
dilution  (Peterson  et  al)  during  tidal  breathing  immediately  before  rebreathing 
procedure.  Values  are  means  +  SD  with  the  number  of  animals  in  parentheses. 
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